Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


I 


I 


^^•u:^i,/4 


Uy 


t 


GEOLOGICAL  STUDIES; 


OR, 


ELEMENTS  OF  GEOLOGY. 


FOR 


HIGH  SCHOOLS,  COLLEGES,  NORMAL,  AND  OTHER  SCHOOLS 


Part  I.— Geology  Inductively  Presented. 
Part  II. —  Geology  Treated  Systematically. 


WITH  367  ILLUSTRATIONS  IN  THE  TEXT. 


By  ALEXANDER  WINCHELL,   LL.D. 

PROFESSOR  OP  OEOLOOT    AND   PALiEONTOLOOT    IN    THE    UNIVER8ITT    OP    MICHIGAN,  FOR- 
MERLY   DIRECTOR  OP  THE    GEOLOGICAL    8URVET   OP   MICHIGAN,   AUTHOR  OF 
*'  GEOLOGICAL  EXCURSIONS,"   FOR  ELEMENTARY  SCHOOLS,   ALSO 
OF    ''SKETCHES    OF    CREATION,"     "WORLD     LIFE," 

ETC.,    ETC. 


SECOND    EDITION 


CHICAGO: 
S.    C.    GRIGGS    AND    COMPANY. 

1887. 


OuiuiO-  /  LO-OfAUC 


COPTBIOUT,   18M, 

Bt  u.  c.  orioos  and  company. 


.« v*I'15MM53g{f  .^3! 


"The  diffusion  of  that  which  is  specially  named  science  has  at  the  same 
time  spread  abroad  the  only  spirit  in  which  any  kind  of  knowledge  can  be 
prosecuted  to  a  result  of  lasting  intellectual  value." — Professor  Jebb. 

"All  the  subjects  which  the  sixteenth  century  decided  were  liberal*  are 
studies  in  books:  but  natural  science  is  to  be  studied  not  in  books,  but  in 
things." — President  Eliot. 

"  The  genesis  of  knowledge  in  the  individual  must  follow  tlie  same  course 
as  the  genesis  of  knowledge  in  the  race." 

"  Every  study  should  have  a  purely  experimental  introduction."— Her- 
bert Spencer. 

"Were  I  dictator,  I  would  drive  all  teachers  of  science  out  into  the  great 
field  of  dead  work;  force  them  to  go  through  all  the  gymnastics  of  original 
research  and  its  description,  and  not  permit  them  to  return  to  their  lil)raries 
until  their  note  books  were  full  of  their  own  measurements  and  calculations, 
sketch  maps,  and  farm  drawings,  severely  accurate,  and  logically  classified, 
to  be  then  compared  with  those  recorded  in  the  books."— Joseph  P.  Lesley'. 


PREFACE. 


THIS  work  on  the  elements  of  geology  is  intended  as  a  guide 
in  the  observation  of  nature,  and  a  synoptical  record  of  the 
more  important  tacts  and  doctrines  of  the  science.  The  reader 
is  supposed  to  be  desirous  of  laying  substantial  foundations  for  a 
geological  education,  and  to  have  attained  such  mental  develop- 
ment as  to  require  a  text  book  more  advanced  than  the  Author's 
"Geological  Excursions."  The  method,  as  in  that  work,  is  an 
appeal  to  the  powers  of  observation;  and  the  facts  cited  are  the 
most  familiar  and  most  accessible.  Happily,  the  widespread 
Drift  of  the  northern  portion  of  the  continent  brings  to  nearly 
every  student's  door  a  body  of  phenomena  so  similar  as  to  supply 
an  intelligible  common  starting  point  for  a  very  large  proportion 
of  the  United  States  and  Canada;  while  for  students  of  the 
southern  states,  any  inconveniences  may  be  easily  overcome. 
Though  this  method  is  believed  to  be  unique,  it  is,  without  ques- 
tion, the  method  which  best  comports  with  the  order  of  develop- 
ment of  the  mental  faculties,  and  must  prove  most  easy  and 
gratifying  to  the  student.  It  is  the  application  to  geology  of 
those  sound  principles  which  have  come  into  vogue  among  the 
best  modern  teachers  of  the  other  sciences  of  nature.  That  it  is 
entirely  practicable  is  shown  by  the  personal  experience  of  the 
Author,  and  of  many  other  teachers  who  have  used  the  more 
rudimental  work  above  mentioned. 

What  there  is  among  the  universal  phenomena  of  the  Drift  to 
serve  as  the  elementary  data  of  geological  science  will  perhaps  be 
best  understood  by  turning  over  the  earlier  pages  of  the  First 
Part  of  the  book.  The  Author  does  not,  however,  imagine  the 
pupil  a  mere  recording  instrument;  but  bears  in  mind  the  fact 
that  the  dawn  of  reflection  is  simultaneous  with  the  exercise  of 
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perception.  The  observer  begins  immediately  to  groi 
nomena  —  to  generalize,  and  to  inquire  after  those  i 
antecedents  which  science  denominates  causes.  The 
encourages  this  tendency  by  pausing  occasionally  to  re^ 
summarize,  to  induce  a  general  principle,  and  even  to  th< 
little.  Thus,  in  the  First  Part,  scientific  method  is  un 
The  science  is  growing  up  in  the  learner's  mind  simulta 
and  symmetrically  in  all  its  departments,  just  as  it  grev 
intelligence  of  mankind. 

A  little  later,  after  the  nearest  phenomena  have  yield- 
lessons,  the  learner  is  led  from  home  to  widen  his  obser 
Well,  indeed,  if  the  travel  can  be  real,  like  the  earlier  ex< 
into  the  neighborhood.  But  the  impracticability  of  th 
rule,  is  offset,  as  far  as  possible,  by  graphical  illustratic 
many  cases,  it  may  be  further  offset  by  specimens,  mod 
diagrams.  These  the  school,  or  the  teacher,  or  even  th 
himself,  may,  to  some  extent,  provide.  As,  after  a^ 
things  can  only  be  known  from  descriptions,  the  effort 
made  to  have  them  intelligible. 

The  purpose  to  begin  with  the  Drift  has  led  to  a  mo 
study  of  common   minerals  and  rocks  than  has  hereto 
undertaken  in  elementary  works;  but  this  feature,  tl 
believes,  requires  no  defence.     On   the   contrary,  he 
assured  that  the  tables  provided  for  determinations 
and  rocks  from  their  most  obvious  characters  will  rece 
welcome;    and  will  satisfy  many  longings  to  knov 
more  about  the  objects  which  are  absolutely  the  n 
and  familiar  which  we  encounter. 

The  same  purpose  has  led  to  a  more  particular  i 
common  types  of  fossils  than  has  ordinarily  been  ti 
priate*     But  this  study  has  been   restricted   mainl 
widely  distributed  in  the  Drift,  and  therefore  ger 
ble;  and  it  has  been  pursued  only  far  enough  to  i 
study  fossils  in  a  scientific  way. 

The  outcome  of  the  First  Part  is  a  somevvl 
undigested  mass  of  facts  and  doctrines,  buried 
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volume  of  verbiage.  It  does  not,  assuredly,  supply  the  means 
for  a  methodized  apprehension  of  the  elements  of  the  subject. 
But  it  supplies  many  fundamental  facts,  many  great  principles, 
many  impressions,  many  hints  for  personal  observation,  and  many 
impulses  to  continue.  Far  better  for  the  student  to  get  so  much 
than  to  leave  school  in  total  ignorance  of  a  science  which  sus- 
tains so  important  relations  to  industries,  to  culture,  and  to  civili- 
zation. 

Part  II  is  the  complement  of  this.  Here  the  whole  body  of 
facts  and  principles  is  reduced  to  methodical  re-presentation; 
though  the  necessity  of  abridgment  has  led,  in  some  of  the 
chapters,  to  mere  references  to  the  First  Part,  instead  of  recast- 
ings  of  the  matter.  Here,  too,  the  discussions  of  the  several 
topics  are  completed,  and  the  various  portions  are  adjusted  to  a 
logical  relation.  The  last  chapter  is  a  rapid  historical  sweep  over 
the  whole  range  of  terrestrial  events.  To  a  limited  extent, 
therefore,  the  book  may  be  used  for  elementary  reference.  But 
it  must  not  by  any  means  be  conceived  as  intended  for  a  manual. 
The  method  of  a  manual  is  suited  only  for  advanced  students 
and  investigators.  A  very  different  method  is  demanded  by  be- 
•ginners.  This  is  only  to  a  limited  extent  even  a  "text  book." 
That  term  savors  of  an  educational  method  which  is  obsolete  and 
repugnant.  The  present  work  is  a  guide  to  the  study  of  nature, 
and  a  synopsis  of  the  elementary  facts  and  principles  of  geolog- 
ical science. 

Because  the  work  is  elementary,  it  has  been  restricted  almost 
wholly  to  American  geology.  But  no  well  beaten  path  has  been 
pursued.  The  recent  additions  to  our  knowledge  of  American 
geology  have  greatly  transformed  the  science,  and  the  subject 
has  to  be  treated  very  much  as  if  no  elementary  books  had  been 
written.  Recent  investigations  have  placed  us  in  possession  of  a 
large  body  of  information  about  the  remote  interior  and  the 
Pacific  slope,  and  the  vast  region  north  of  our  national  boundary. 
To  this  fresh  information  the  author  has  attempted  to  give  due 
attention.  It  will  be  found  a  feature  of  the  work,  that  it  sur- 
passes other  elementary  books   in    its  presentation  of   western 
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geology,  especially  in  its  great  features  and  its  gret 
facts. 

The  author's  obligations,  of  course,  lie  in  ever 
they  are,  indeed,  too  many  to  enumerate.  But  the 
been  made  to  draw  less  on  the  writers  of  text  hoc 
original  sources.  To  his  publishers,  his  indebtedness 
the  public  is  great,  for  that  intelligent  liberality 
prompted  them  to  demand,  regardless  of  cost,  the  b 
graphic  illustration,  and  a  perfection  of  mechanica 
which  will  scarcely  be  found  surpassed. 

The  author  entertains  the  hope  that  he  has  hi 
within  reach  of  hi»  fellow-workers  in  the  advancemc 
lar  education  some  improved  means  for  placing  geolo 
where  of  right  it  belongs  —  side  by  side  with  the  mo 
and  most  favored  agencies  of  material  prosperity,  of 
and  of  culture. 

UxiVERSiTY  OF  MICHIGAN,  Ann  Arbor,  June,  1886. 


PREFACE  TO  A  NEW  EDITIO 


THE  exhaustion  of  the  first  edition  of  this  worli 
months  of  its  introduction  into  use  is  sufficient 
its  acceptability  as  an  elementary  guide  to  the  science 
Among  the  numerous  opinions  which  have  reached 
respecting  its  method  and  matter,  no  one  is  serioui 
while  commendations  are  almost  unlimited  in  numbe; 
author  begs  to  request  teachers  in  schools  where  the 
to  geology  is  quite  brief,  to  remember  that  the  bulk 
results  partly  from  the  method  of  treatment;  and  tha 
chosen  for  the  purpose  of  rendering  the  subject  en  ten 
building  up  a  knowledge  of  it  in  a  natural  way. 
course,  Part  I.  may  be  taken  by  itself;  and  then  Part 
taken  later.     Also,  the  studies  of  fossil  corals  and  sh 
I.  may  be  postponed,  as  well  as  the  palseontological 
Part  II.;  and  these  may  be  taken  up  subsequently  as 
palaeontology. 
Febeuaby,  1887. 
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SUGGESTIONS  TO  THE  INSTIIUCTOB. 


1.  Adhere  scrupulously  to  the  method  of  the  book.  Vary  the  facts^ 
illustrations,  comments,  and  inferences  according  to  opportunity  or  ability. 

2.  Do  not  permit  any  persons  to  thrust  upon  your  attention,  or  that  of 
the  pupils,  any  si)ecimens  not  yet  considered  in  the  book.  Most  persons 
have  a  few  treasured  minerals  from  some  remote  mining  region  upon  which 
you  will  bo  asked  to  pronounce  opinions.  Do  not  be  annoyed  by  them.  The 
specimens  at  your  door  are  incalculably  more  important. 

3.  Give  deliberate  attention  to  the  exercises.  See  that  every  pupil  learns 
to  elucidate  every  subject  presented  in  them.  Occasionally  a  question  is 
raised  which  even  the  teacher  may  not  bo  prepared  to  solve.  That  is 
intended.     It  is  profitable  to  have  something  to  study  over. 

4.  If  the  class  is  small — say,  not  over  a  dozen  —  they  may  be  ordinarily 
taken  into  the  field.  This  is  always  the  best  course.  If  the  class  is  large, 
the  subject  may  be  pursued  chiefly  in  the  class-room;  but  illustrations 
should  be  abundant.  In  the  study  of  minerals  and  rocks,  a  large  supply  of 
specimens,  all  broken  from  the  same  bowlder^  may  be  furnished,  and  one 
specimen  placed  in  the  hands  of  each  student.  The  teacher  will  then  direct 
attention  to  every  character  visible  in  the  specimen,  pursuing  the  same 
method  as  the  teacher  of  botany.  The  rock  must  have  been  previously 
selected  with  reference  to  showing  what  is  treated  in  the  study  appointed  for 
the  day. 

When  this  specimen  is  well  understood,  another  set  may  be  distributed, 
and  so  on. 

5.  After  a  few  exercises  of  this  kind,  individual  students  may  be  re- 
quired to  name  such  minerals  in  the  specimen  in  hand  as  have  been  pre- 
viously studied.  Then,  after  the  work  is  more  advanced,  a  mixed  lot  of 
specimens  may  be  brought  in,  and  individual  students  requested  to  deter- 
mine them.  Reports  should  be  made  on  slips  of  paper,  and  returned  with 
the  specimen.  These  may  be  examined  immediately,  if  time  permits,  or 
after  the  exercise.  The  student's  report  should  state  all  the  facts  on  which 
the  name  of  the  specimen  depends:  Stratified  or  not;  thick-  or  thin-bedded; 
what  essential  minerals;  what  accessory  minerals;  the  name.  These  exer- 
cises should  be  continued  for  many  days  after  the  end  of  the  subject  of  rocks 

is  reached  in  the  book. 
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T).  (iet  Mipplios  of  rock  sjieciinens  if  the  class  is  Inrge,  by  having  two 
Mudi'Mts  volunteer  to  briiij^a  luisket  full  on  the  following;  day,  and  two  others 
to  brin<;  another  basket  full,  and  sf)  on.  The  s|H'ciinens  should  lie  prctionred 
ill  drawers  for  future  us*\  l>oth  durin;;  the  jirescMit  and  subsi>quent  terms.  If 
tile  elax  is  .snial).  a  supply  should  be  in  store  for  use  when  the  weather  may 
prevent  firld  work. 

7.  (lenerally.  fragments  of  U>wldei*s  brf>ki'n  for  building  pur|K)8C8  may 
b"  fdiiM'l,  and  further  reduced  with  the  small  haniniei*s.  If  not,  the  (*oUcctor 
iiiu>t  u>>(>  a  larp-  huninier  for  breaking  IntwMers.  This  should  Iwlong  to  the 
s'-hool.  If  n(('<>ssary,  a  workman  may  Ix'  taken  alon*;.  In  some  ca!«es  it  will 
be  iinot  corivinient  to  liavf  a  hirp'  supply  of  lK)wlders  brouj^lit  into  one 
corner  of  the  yard,  or  dejMisilecl  under  a  shed.  These  may  all  tx*  coarsely 
broken  at  nn<e  Ijv  a  workman.  Smaller  fra^rmcnts  may  l»e  produced  by  the 
stinknl>  a-  needed:  but  >|K*cimens  fnun  the  sime  bowlder  should  be  kept 
top'lher.  This  methrxl  may  Ik*  In'st  suited  to  srmie  prK'  schools,  to  institu- 
tion<  in  larp-  cities  and  in  other  loealitii's  wlu-re  Drift  siK'cimens  are  not 
easily  aecessible. 

Ilia  re«(ion  tlestitute  of  i>owld«'iN  a  supply  may  W  obtained  from  seme 
iKiwlder-eovered  re;;:ion,  l>y  eausin^  \o  U'  ship{H'd  a>  fi*ei^ht  a  nunilier  of 
bowlder>  of  different  >orts  of  rocks,  either  unbroken  and  unlnixed  or  broken 
into  liand  >peeinieiis  ami  l>oxed.  Tlic  author  lue«  already  s<>nt  l»oxcd  speci- 
nien««  to  ilie  southern  state's  and  t«)  the  Illinois  prairies. 

\K  Kn('rHira<;e  tlie  proetirement  (»f  a  ^(hmI  supply  of  hainmers  and  lenses 
\t\  the  students.  Thcv  mav  W  re-'anled  as  e»ential  to  satisfactory  work. 
TIh'  leuM's  are  almost  indisivnsjible  in  the  examinaticm  of  rocks. 

K).  KiKMHira^e  the  formation  of  private  collections,  and  see  that  they  arc 
kej.t  jnoperly  tiekoled.  S'e  that  a  ^'oiwl  collect icm  i>  formed  for  the  school. 
Pr«MUie,  if  possible,  from  some  dealer  a  standar<l  c(»llection  of  common 
mineral<  and  roi'k>. 

11.  Embrace  every  op|)ort unity  to  require  dniwiufjs.  Blacklioanl  draw- 
iiiijs  are  n<eful;  but  careful  sketches  on  drawin;;  jwiper  are  U'tter.  Sketches 
of  clitTs  (juarries,  gravel  banks,  ravines,  fossils,  or  any  other  geolof^ical  fea- 
tures (T  phenomena  should  Ik?  re(iuire(l  of  all. 

1'2.  I)\v«ll  Ion;;  on  the  subject  of  f/rnfof/fntf  ,^(c/i(nt}i.  Nothing  is  a  more 
useful  exiMvi-e  for  the  pupil  than  tlie  construction  of  sections  from  theget>- 
logical  maj).  If  the  locality  permits  have  th<'>tudenls  also  construct  sec- 
tions, with  measurements,  from  the  field. 

1^}.  li'Mjuire  each  student  to  construct  a  tinted  geological  map.  Prefer- 
u*»ly  a  map  of  the  United  States  east  of  the  Hlack  Hills,  or  better,  of  the 
\sli'»lo  country.  The  maps  in  the  t<'xt  lMM>k  may  Ix'  enlarged;  or,  for  more 
Kcciiracy,  the  map  of  the  U.  S.  (Jeologieal  Survey  may  Ih>  used. 

11.    Re(piire  every  student  to  make,  alM».  collections  «»f  fossils,  ami  to 
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determine  their  names  if  possible.  Do  not  fail  to  secure  exercises  in  grind- 
ing, polishing,  and  investigating,  as  indicated  in  Study  XXX  of  this  book. 
15.  The  production  of  a  neat  and  accurate  geological  map  may  well 
abat«  considerably  the  rigor  of  a  final  examination.  The  same  may  be  said 
of  a  well  labelled  collection  of  specimens,  or  a  number  of  well  prepared  thin 
sections,  or  a  larger  number  of  polished  surfaces  of  rocks  or  fossils.  In  this 
first  stage  of  the  study,  the  senses  and  the  hands  are  to  be  kept  in  full  exer- 
cise. These  will  supply  motives  for  the  pleased  activity  of  imagination, 
memory,  and  the  reasoning  powers. 


SOME  PRACTICAL  HINTS, 

Hammers. — The  best  forms  of  Hammers  for  general  use  are  shown  in 
Figs.  1  and  2.  The  palaeontologist's  pattern,  with  pene  a  tapering  and 
sharp,  and  transverse  to  the  handle,  is  by  far  most  convenient  in  collecting 
fossils.     The  face  b  should  be  flat,  square  cornered,  and  longest  in  the  direc- 


Fio.  1.— Gbolooical  Hammer.    Pale- 
ontologist's Pattern. 


Fig.  2.— Geological  Hammer.    Quarkt- 
man's,  or  Stonemason's.  Pattern. 


tion  of  the  handle.  The  eye  should  be  large ;  the  handle  of  hickory,  thick, 
short,  and  shaped  as  shown,  and  fastened  in  with  two  iron  wedges.  Weight 
may  be  from  half  a  pound  to  a  pound.  For  working  among  very  hard  rocks, 
the  stonemason's  pattern  is  better.  The  pene  is  parallel  to  the  handle,  less 
tapering,  and  blunter.  The  temper  of  all  hammers  should  be  that  required 
by  the  stonemason.  Notice,  the  pene  of  the  palsDontologist's  hammer  must 
not  be  used  on  quartzose  rocks. 

Larger  quarryman's  hammers,  with  long  handles  for  use  with  both 
hands,  and  weighing  from  two  to  five  pounds,  are  needed  for  breaking  large 
bowlders;  but  one  at  the  service  of  the  class  is  sufllcient. 

Using^  the  Hammer. — A  blow  with  the  flat  face  of  the  hammer  in  the 
middle  of  a  fragment  shatters  it  irregularly.  A  blow  with  the  face  a  little 
inclined,  or  with  the  pene  of  the  hammer,  tends  to  produce  a  fracture  in  the 
direction  of  the  face-edge,  or  the  pene.     If  the  object  is  to  reduce  the  size  of 
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a  sixc'imen,  or  dress  it  into  form,  a  quick,  sharp  blow  with  the  face-edge  or 
the  pcne,  delivered  near  the  margin  of  the  specimen,  will  cause  a  break  only 
along  the  line  of  contact.  If  the  edge  is  too  thick  to  break  in  this  way, 
make  it  thinner  by  clipping  off  with  blows  along  the  edge  near  the  angles. 

A  steel-faced  anvil,  weighing  ten  to  twenty  pounds,  is  useful  in  dressing 
specimens,  and  in  breaking  up  masses  for  the  removal  of  fossils.  For  the 
former  object,  hold  the  sjx>cimen  so  that  the  portion  to  be  remove*!  projects 
beyond  the  anvil  face,  and  the  specimen  rests  solidly  on  the  edge  of  the  face. 
Then  strike  a  sharp  blow  on  the  projecting  part,  and  it  will  break  off  along 
the  line  of  contact  with  the  anvil. 

To  break  a  large  bowlder,  strike  repeatedly  with  the  pene  of  a  heavy 
quarryman's  hammer  along  a  selected  line.  Sooner  or  later  the  bowlder  will 
split. 

Hardness  Tester. — A  steel  rod.  wedge-shaped  and  pointwl  atone  end, 


a 


(I 


Fig.  3.— Hardness  Tester,    a.  View  of  the   Flattened  Side  of  Point,    ft,  View  of  the 

Taper  toward  the  Point. 

as  shown  in  Fig.  3,  is  convenient;  but  an  old  three-cornered  file  ground  to 
a  point  is  just  as  efficient.  In  default  of  both,  a  well  tempered  knife  |X)int 
may  be  used.     Wliatever  tester  is  adopted,  use  the  same  habitually. 

Mag'nifiers — A  simple  pocket  magnifier  is  indispensable  in  the  exam- 
ination of  minerals  and  rocks.  A  glass  with  a  single 
lens  will  be  suitable.  A  larger  size  than  these  figured 
is  preferable.     Get  nothing  but  &  pocket  magnifier. 

Acid. — A  small  glass-stoppered  bottle  of  dilute 
chlorhydric  (muriatic)  acid  should  be  at  hand  in  the 
class  room  for  testing  carbonates.  A  drop  may  be 
taken  out  on  the  tip  of  a  blimt  stick,  and  applied  to 
the  specimen.  In  the  lack  of  such  acid  very  strong 
vinegar  will  answer  in  some  cases;  but  do  not  depend 
on  it. 

Tickets. — Small  tickets,  to  be  permanently  at- 
tached to  six^cimcns  to  receive  numbers,  may  be  cir- 
cular,  oval,   or  other  shape,    three-sixteenths  of  ar 
inch   (five   millimetres)  in  diameter,  punched   from  thin  white  or  colorec 
paper  that  will  take  ink.     A  common  saddler's  or  tinner's  punch  may  h 
used.     Fold  the  paper,  and  punch  through  many  thicknesses  with  one  blov 


Fig.  4. —-Magnifiers. 
a,  Oval,  ft,  Bellows 
Shaped. 
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resting  on  a  block  of  lead  or  wood.  As  the  tickets  will  tend  to  adhere,  lay  a 
quantity  in  the  palm  of  one  hand,  and  rub  them  with  the  finger  tips  of  the 
other.     Square,  oblong  or  triangular  tickets  may  be  cut  with  scissors. 

Cement. — Do  not  use  common  mucilage.    Take 

Clear  Gum  Arabic 2  ozs. 

Fine  Starch IJ^  oz. 

White  Sugar J^  oz. 

Pulverize  the  gum  arabic  in  a  mortar,  and  dissolve  in  so  much  water  as  the 
laundress  would  use  for  the  quantity  of  starch  indicated.  Dissolve  the 
starch  and  sugar  in  the  gum  solution.  Then  cook  the  mixture  in  a  vessel 
suspended  laundry  fashion,  in  boiling  water,  until  the  starch  becomes  clear. 
The  cement  must  be  as  thick  as  tar,  and  must  be  kept  so.  Use  from  a  wide- 
mouthed  bottle,  having  a  small  round  bristle-brush  passing  through  the 
cork.  Keep  from  spoiling  by  means  of  a  lump  of  camphor  gum,  or  a  little 
oil  of  cloves  or  sassafras.  Do  not  use  cement  that  has  grown  sour  and  thin. 
Some  of  the  fresh-made  cement  may  be  hard-dried  .in  greased  patty-pans, 
and  then  removed  and  kept  indefinitely,  to  be  softened  when  needed  —  a 
good  expedient  for  a  long  journey.  This  cement  may  be  used  to  repair  min- 
erals, rocks,  or  fossils,  and  to  attach  tickets.  One  lot  of  cement  will  serve 
several  persons. 

Attaching:  Tickets.— Spread  a  quantity  of  s|)ecimens  on  a  table,  with 
the  side  to  be  ticketed  turned  up.  Spread,  also,  a  quantity  of  tickets,  so 
separated  as  to  lie  singly.  With  the  point  of  the  brush,  touch  half  a  dozen 
specimens  in  the  proper  place  with  the  cement.  With  the  moistened  tip  of 
the  finger,  lift  a  ticket,  and  press  it  on  a  gummed  spot.  Press  firmly,  till 
the  ticket  takes  the  shape  of  the  surface,  and  the  cement  is  forced  quite  to 
the  edges.  Then,  as  some  cement  adheres  to  the  finger,  rub  the  finger  tip 
on  a  damp  towel.  This  removes  the  cement,  and  leaves  the  finger  damp  to 
lift  another  ticket.     Thus  the  process  of  attaching  is  expeditious. 

The  Numbers. — To  write  the  numbers  on  the  tickets,  after  well  dried, 
use  perfectly  black  ink,  and  a  sharp,  good,  and  fresh  steel  pen.  Make  your 
very  plainest  figures.  These  are  a  permanent  record ;  illegible  numbers  are 
a  vexation.  The  numbers  refer  to  a  register,  where,  against  corresponding 
numbers,  may  be  found  columns  giving  name,  locality,  how  obtained,  and 
other  information.  Separate  labels  bearing  the  names  and  the  same  num- 
bers may  also  be  used. 

Colored  Tickets. — If  each  person  in  a  class  or  company  adopts  a  par- 
ticular color  for  his  tickets,  then  all  the  specimens  of  the  company  may  be 
mixed,  and  may  be  classified  as  one  lot;  and  afterward  each  person  can 
select  his  own.    See  that  the  colored  paper  is  writing  paper,  and  color  di»- 
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tinct  and  /cm/.    Separate  ownership  may  also  be  indicated  by  the  fomi  of 
the  ticket. 


Map  Drawixifi^. — To  put  the  preliminary  geography  on  the  sheet  is 
a  valuable  exercise,  but  is  not  a  study  of  geology.  The  work  may  be  done 
as  an  accessory  in  the  study  of  geography,  or  an  exercise  in  drawing.  For 
our  purpose  procure  blank  (uncolored)  printed  maps  if  possible.  These  may 
sometimes  be  had  of  map  publishers.  Rand,  McNally  &  Co.,  of  Chicago, 
have  for  some  years  supplied  the  University  of  Michigan.  They  print  a  very 
large  assortment  of  maps ;  but  they  do  not  keep  in  stock  blank  impressions 
such  as  we  need;  they  have  to  be  specially  printed  when  called  for,  and  the 
call  should  be  for  fifty  or  more.  The  writer  uses  a  map  of  the  entire  United 
States;  and  the  best  suited  is  their  so-called  "standard  map,"  twenty-six 
inches  by  forty-three  and  one-half  inches,  1882 ;  or  the  later  one,  thirty  and 
one-half  inches  by  forty  inches,  1885.  Either  is  a  complete  railroad  map. 
When  geologically  colored  and  mounted,  it  makes  a  useful  chart  for  reference, 
as  well  as  a  pleasing  souvenir  of  faithful  work. 

Cloth  Backing^. — This  is  not  essential  but  very  serviceable.  Dampen 
a  piece  of  fine  muslin  of  requisite  size.  Stretch  it  firmly  on  a  smooth  board 
by  tacking  it  down.  Paste  the  back  of  the  map  with  smooth  flour  paste  applied 
with  a  large,  stiff,  flat  brush.  Lay  the  pasted  surface  on  the  stretched  cloth, 
carefully  excluding  all  air  by  holding  the  edges  of  the  map  up  and  allowing 
the  centre  to  come  first  in  contact.  Press  the  two  surfaces  together  by  rub- 
bing from  the  centre  toward  the  sides  through  the  medium  of  a  cloth.  It  is  best 
to  leave  the  whole  attached  to  the  board  or  table  until  the  map  is  completed. 
Then  the  edges  may  be  trimmed,  and  the  map  mounted  on  rollers. 

Geological  Colors. — As  yet,  no  set  of  colors  has  been  agreed  upon  for 
general  use ;  but  the  following  table  indicates  customary  usage : 


FORMATIONS. 

Tertiary. 

Cretaceous. 

Jura-Trias. 

Upper  Carboniferous. 

Lower  Carboniferous. 

Devonian. 

Silurian. 

Cambrian. 

Eozoic. 

Eruptive. 


COLORS. 

Yellow. 

Green. 

Purple. 

Brown. 

Blue. 

Yellowish  Brown. 

Red  Purple. 

Slate. 

Orange  Red. 

Bright  Red. 


MATERIALS. 

Oamboge. 

Gamboge  and  Blue  Ink. 

Carmine  and  Blue  Ink. 

Burnt  Umber. 

Blue  Ink. 

Gamboge  and  Burnt  Umber. 

Blue  Ink  and  Much  Carmine. 

India  Ink  and  Blue  Ink. 

Carmine  Ink  and  Gamboge. 

Carmine  Ink. 


The  above  is  sufficiently  detailed  for  the  elementary  student,  and  reqt 
but  a  very  simple  outfit,  one  of  which  will  supply  several  persons.  W 
subdivisions  of  these  formations  are  to  be  indicated,  use  lighter  and  de 
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shades  of  the  same  colors — the  lighter  for  the  newer  formations.  For 
deeper  yellow,  orange  may  be  used.  Put  on  a  blank  space  a  legend  explan- 
atory of  the  colors. 

These  colors  may  be  used  on  the  map  published  in  the  text  book.  They 
may  also  be  used  on  sections. 

Avoid  colors  too  deep.  Avoid  the  use  of  too  much  paint.  Make  sharp, 
clean  outlines.    Be  exact.     Use  large  cameFs  hair  bnishes. 

Wall  Maps.— Get  cotton  sheeting  of  requisite  width,  and  cut  length  in 
proportion  to  the  width  —  calculating  from  the  dimensions  of  the  map  to  be 
enlarged.  Use  dry  pulverized  colors  mixed  in  weak  glue  water.  Stretch  the 
cloth  on  a  frame  erected  vertically  in  a  room.  It  may  be  like  a  quilting 
frame,  in  four  pieces,  with  holes  and  pegs  for  varying  the  size.  Tack  the 
cloth  thoroughly.  Prepare  the  ground  with  one  or  two  coats  of  whiting  and 
glue  water.  When  dry,  pencil  in  lines  of  latitude  and  longitude,  at  inter- 
vals calculated  from  the  map  to  be  copied;  and  from  these  pencil  in  the 
geography.  In  the  same  manner  lay  down  the  geological  outlines.  Then 
apply  the  colors,  and  lastly  put  in  the  lettering,  rivers,  boundaries  and  what- 
ever else  requires  the  black — which  will  be  made  of  lampblack  and  glue 
water.  You  cannot  put  th^  colors  over  the  lampblack.  Do  not  omit  the 
explanatory  legend.  Cut  the  top  and  bottom  straight  and  mount  on  rollers. 
Caution :  Use  only  glue  enough  to  make  the  colors  adhere. 
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GEOLOGICAL  STUDIES. 


PART  I. 
FIELD   STUDIES; 

OR,    HOW    WE    MAY    OBSERVE    THE    FACTS    AXD    LEARN    THEIR 

MEANING. 

STUDY   l.-Surface  Materials, 

I  DESIRE  by  some  natural  and  pleasant  method  to  introduce 
my  young  friends  to  the  science  of  geology.  I  trust  the 
study  of  the  subject  will  prove  entertaining,  but  I  shall  endeavor 
at  the  same  time  to  put  them  on  a  truly  scientific  course.  The 
method  which  seems  most  suitable  for  us  in  the  beginning  is  that 
called  inductive.  We  propose  to  see  things  for  ourselves,  and 
draw  our  own  conclusions  from  them.  For  the  present  we  will 
confine  our  attention  mostly  to  such  things.  But  when  our 
walks  shall  have  extended  over  the  fields  most  accessible  to  us, 
we  will  enlarge  our  information  by  talks  on  other  fields  in  which 
other  persons  have  walked. 

As  geology  is  the  science  which  treats  of  the  earth,  we  have 
not  far  to  go  before  beginning  to  learn.  The  earth  is  under  our 
feet;  let  us  direct  our  attention  to  it  and  see  what  facts  may  be 
observed.  These  will  be  geological  f^cts.  Every  fact  learned 
by  observing  the  earth  is  part  of  the  science;  and  the  things 
observed  near  home  are  just  as  real  science,  and  just  as  impor- 
tant, as  those  in  distant  lands,  of  which  we  may  read  in  the 
books. 
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Now,  first  of  all,  we  see  that  the  surface  of  the  earth  is  cov- 
ered by  a  bed  of  loose  materials  consisting  chiefly  of  sand, 
gravel,  small  stones,  and  clay.  We  will  call  these  materials 
Drifts  for  a  reason  which  will  be  understood  hereafter.  The 
uppermost  layer,  which  is  known  as  soUy  is  generally  of  a  darker 
color  and  evidently  contains  some  other  substance.  We  observe 
the  color  darkest,  and  the  depth  of  the  soil  greatest  in  places 
where  most  vegetable  material  goes  to  decay;  as,  for  instance, 
where  many  leaves  accumulate  from  year  to  year,  or  where 
grasses  or  mosses  have  grown  abundantly  and  decayed,  as  in  low 
meadows  and  swamps.  In  some  situations  the  soil  is  mostly  or 
wliolly  composed  of  substan(3es  forming  a  fine  dark  mould,  with 
very  little  gravelly  or  sandy  material  derived  from  the  Drift. 
We  also  observe  that  least  soil  exists  in  situations  where  least 
vegetable  matter  has  decayed,  as  on  dry  knolls  and  along  sterile 
slopes,  where  the  hPAl  rock  comes  near  the  surface.  It  is  a  fair 
inference  from  these  observations  that  the  matter  which  imparts  a 
darker  color  to  the  upper  layer  of  the  Drift  is  of  a  vegetable 
character. 

Should  it  happen  that  our  observations  begin  in  a  prairie 
region,  like  that  of  central  and  northern  Illinois,  we  should 
notice  a  great  depth  of  dark  soil,  indicating  that  vegetation  must 
have  grown  over  the  surface  with  extraordinary  luxuriance. 
What  we  notice  of  the  native  plants  or  the  growing  crops  quite 
justifies  the  inference.  We  observe,  too,  that  the  land  is  nearly 
level,  and  tlierefore,  the  matters  resulting  from  vegetable  decay 
have  lain  on  the  spot  where  they  grew,  and  have  not  been  washed 
away  by  flowing  water.  Those  who  dig  wells  on  the  prairies  find 
that  underneath  the  deep  soil  the  material  is  finer  than  the  sub- 
soil of  most  other  regions,  and  has  difTerent  colors.  There  are 
very  few  pebbles  or  cobble  stones  either  in  the  soil  or  the  sub- 
soil. This  prairie  deposit  must,  therefore,  have  been  produced 
in  a  dilTerent  way  from  the  common  Drift  of  other  regions. 

But  now  we  visit  some  locality  where  a  deep  excavation  has 
been  sunk,  and  find  that  the  prairie  deposit  does  not  continue 
down  to  the  bed  rock.    At  the  depth  of  thirty,  fifty,  or  a  hundred 
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feet  we  reach  the  bottom  of  it;  and  then  comes,  generally,  some- 
thing like  the  real  Drift  of  other  regions.  We  examine  it  care- 
fully. There  are  the  same  sand  and  gravel,  the  same  rounded 
stones,  as  make  up  the  Drift  elsewhere.  It  cannot  be  distin- 
guished from  the  Drift.  It  is  the  Drift.  So  we  feel  authorized 
to  draw  another  inference.  The  real  Drift  was  laid  down  over 
much  of  the  prairie  region  the  same  as  over  other  regions. 
Then,  afterward,  by  some  means  the  fine  prairie  deposit  was  laid 

But  by  far  the  greatest  number  of  us  who  set  out  to  view  the 
surface  of  the  earth  must  walk  over  the  common  Drift.  This  is 
something  so  nearly  alike  from  New  England  to  the  Mississippi 
River,  and  from  Hudson's  Bay  to  the  Ohio,  that  persons  every- 
where will  see  nearly  the  same  things.  So,  wherever,  ^within  the 
region  indicated,  you  may  begin  this  study,  you  will  be  able  to 
observe  the  geological  facts  which  I  now  intend  to  point  out. 

The  surface  of  the  Drift,  as  you  have  noticed,  is  generally 
rolling.  There  are  hills  and  ridges  and  valleys.  The  streams 
flow  along  the  valleys,  and  they  seem  to  have  been  agencies  in 
the  making  of  the  valleys.  The  forms  of  the  hills  are  rounded, 
and  it  is  easy  to  understand  that  these  have  been  shaped  by  the 
rains.  We  notice,  however,  that  many  of  the  Drift  hills  are 
elongated,  more  or  less,  and  it  is  a  curious  fact  that  in  any  par- 
ticular region  their  longer  diameters  are  all  turned  in  the  same 
direction.  There  must  be  some  explanation  of  this,  and  we  shall 
try  and  discover  it. 


Pio.  S.— DbiTt  Hillb  in  WiBCiiKsm.    (Cbamberlln.)    See.  sleo.  Fig. 


When  we  examine  the  materials  of  the  Drift,  we  notice  that 
it  is  composed  mostly  of  sand,  fine  and  coarse,  with  occasional 
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beds  oT  clay.  There  are  nuny  Btonec,  Imige  and  amall,  and  thejr 
are  all  rounded.  We  ahall  call  them  all  botoldart.  When  tbqr 
are  not  over  six  or  ei^t  inches  in  diameter  they  are  known  ■■ 
cobhh  stones,  and  are  used  for  rough  paving.  When  they  aro  an 
inch  or  lesa  in  diameter,  down  to  the  sise  of  grav^  we  call  them 
pebbles.  They  are  used  with  gravel  and  sand  iu  road  making 
and  also,  mixed  with  asphaltum  or  ooal  tar,  in  aidewalks^  Bowl- 
ders of  all  aizea  are  generally  dispersed  through  the  Drift;  bat 
the  larger  bowlders  are  by  no  means  uniformly  dispersed.  Uanj 
extensive  fields  are  entirely  free  from  them,  while  in  Others  they 
form  a  serious  obstruotion  to  cultivation.  Here  is  •  now  of  a 
bowlder  covered  field  near  Gloucester,  Mass.     (I'ig.  6.) 


In  some  parts  of  the  country  where  the  bed  rock  is  completely 
buried  by  Drift,  laige  bowlders  are  broken  up  and  used  for 
building  stones.    They  present  a  substantial  and  pleasing  appear- 

The  arrangement  of  the  Drift  materials  will  be  noted.  If  we 
go  to  any  railroad  cut  through  the  Drift,  we  see  beds  of  sand  and 
gravel  laid  down  without  any  general  uniformity.  The  beds  pre- 
sent a  variety  of  inclinations,  and  within  the  limits  of  a  single 
bed  thethinner  layers,  or  toBiJrus,  are  often  seen  to  pssa  obliquely 
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across.  Fig.  7  presents  a  view  of  a  g^yel  bank  oat  throngli  in 
the  construction  of  a  street.  Underneath  the  aoil  and  tabaoU, 
a  a  a  a^  we  notice  some  gravelly  beds^  b  b  i,  presenting  a  oon- 
f used  and  oblique  9tr<it\fication.  These  are  followed  bj  boiiaon- 
tally  stratified  sand,  c  c  c  c^  and  two  ooorses  of  pebble%  ddd 
and  6  €  6,  separated  by  a  stratum  of  pebbly  sand  which  is  oUiqaely 
laminated.  Still  lower  is  another  bed  of  gnveX^/^ff  distinotly 
laminated,  but  in  the  other  direction.  This  passes,  toward  tlie 
right,  into  another  bed,  g  g^  with  laminm  inclining  to  the  rigbt. 
At  A  A  is  another  stratum  of  fine  buflBsh  sand  with  laminaticMi 
inclined  steeply  to  the  right.  At  the  foot  of  the  bank  is  a 
sloping  pile  of  sand,  i  i,  which  has  run  down  from  aboTe. 

This  fine  example  of  a  gravel  bluff  simply  illustrates  iriiat 
may  be  found  on  almost  every  square  mile  of  the  northern  states* 
This  view  is  129  feet  above  the  bed  of  the  Huron  River,  and  M4 
feet  above  the  bed  rock,  which  has  only  been  reached  by  boring. 
On  the  bed  rock  the  Drift  is  found  to  be  a  heavy  mass  of  tmsiraf- 
ified  clay,  with  many  large  bowlders  dispersed  through  it.  At 
other  localities  this  bottom  bowlder  clay  is  found  exposed  at  tlM 
surface.  Sometimes  the  materials  are  so  firmly  packed  togethar 
that  digging  in  them  is  diflScult.  This  is  the  nature  of  hardfHm. 
When  a  wide  extent  of  hard  pan  or  clay  underlies  a  level  region 
and  is  near  the  surface,  it  arrests  the  downward  escape  of  the 
rains,  and  gives  nse  to  a  marshy  district. 

Hereafter  we  shall  return  to  a  more  careful  study  of  Drift 
arrangement,  and  shall  try  to  ascertain  how  the  materials  were 
produced,  and  how  they  were  spread  so  extensively  over  the 
country. 

EXERCISES.* 

State  some  geological  fact  observed  by  yourself.  What  other  geological 
facts  can  you  mention?  Is  there  any  hill  of  Drift  materials  near  your  res!* 
dence?   Is  there  any  hill  not  formed  of  Drift  materials?   State  how  the  Drift 

*  To  THE  Student.— The  "Exercises**  in  this  book  are  not  qaestione  on  the  text 
bot  rather  applications  of  the  principles,  and  generalixatione  from  facts  stated  In  the 
text.  They  are  intended  to  etimnlate  thoogfat.  Some  may  be  too  difflcnlt  to  answer  at 
prei*«>nt^too  difflcnlt  even  for  the  teacher.    Do  not  let  this  produce  any  feeling  of  dis* 
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hill  appears  to  be  made  up.  State  what  cuts  or  excavations  have  been  made 
in  it.  Did  you  observe  any  sort  of  stratification  in  it?  What  is  the  color  of 
the  sand?  Is  the  sand  coarse  or  fine?  Can  you  name  any  hill  or  place  where 
clay  appears?  Does  the  bed  rock  come  to  the  surface  in  your  neighborhood? 
Is  the  bed  rock  reached  in  digging  wells?  If  so,  does  the  water  come  out  of 
the  rock  or  from  the  Drift?  Does  the  bed  rock  belong  to  the  Drift?  Men- 
tion some  valley  which  is  sunken  in  the  Drift.  Mention  some  steep  bank 
along  the  valley.  Mention  a  bank  or  hill  not  covered  by  vegetation.  Where 
is  sand  obtained  fbr  making  mortar?  What  is  the  difference  between  sand 
and  gravel?  Mention  some  prairie  region.  Is  it  level  or  hilly?  What  sort 
of  material  lies  at  the  surface  of  a  prairie?  Why  does  not  Drift  lie  on  the 
surface? 


STUDY  n,Sprini/8  a7id  Wells, 

I  suppose  you  remember  the  little  pond,  where  the  water  rests 
in  a  little  basin  of  earth  and  never  leaks  out  at  the  bottom. 
What  holds  the  water?  If  you  dig  a  hole  in  the  garden  and  fill 
it  with  water,  the  water  soon  disappears.  It  soaks  into  the  ground. 
But  if  you  cover  the  bottom  and  sides  with  a  coat  of  clay,  the 
water  is  retained.  You  may  have  seen  little  duck  ponds  made  in 
this  way.  It  is  a  layer  of  clay  which  holds  the  water  in  the  little 
lakelet  in  the  field.  Clay  is  so  fine  and  compact  that  it  is  almost 
impervious  to  water. 

Suppose  the  little  pond  filled  with  sand  and  gravel.  Now  we 
have  a  basin  of  loose  materials  completely  saturated  with  water, 
and  the  clay  bed  beneath  prevents  the  water  from  escaping.  The 
surface  of  the  materials  is  wet;  the  water  is  stagnant.  After  a 
time  some  decaying  vegetable  matter  may  accumulate  on  it,  and 
grasses  and  sedges  may  take  root,  and  we  shall  have  a  marsh. 
Nearly  all  marshes  and  swamps  are  simply  accumulations  of  sand, 
gravel,  and  soil,  which  are  kept  saturated  with  water  because  a 
bed  of  clay  or  hard  pan  underlies  and  prevents  the  water  from 
soaking  away. 

courngement.  If  yon  answer  half  of  these  questions  you  do  well.  With  a  little  reflection 
you  will  an»wer  more.  It  will  be  all  the  more  useful  if  some  research  is  necessary,  or  if 
the  question  has  to  be  pondered  over  several  days  or  weeks.  He  is  the  most  meritorious 
•indent,  however,  who  succeeds  in  explaining  the  greatest  number  of  points  presented. 
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Of  ooursc  there  iaa  ruised  rim  aroum)  tliia  basin.  From  the 
level  of  tlie  marsli  the  Drift  surface  Blupes  upward  on  all  Hides. 
T^t  UH  now  dig  a  ditoh  through  the  Drift  border  of  the  swamp, 
and  give  it  a  slight  descent  towartl  the  nearest  stream  of  water. 
Now  the  water  drains  from  the  swamp,  and  the  land  beenmes 
siiiTiciently  dry  for  cultivation.  Xow  the  swamp  may  be  plowed 
and  planted  to  corn.  Tlio  basin  of  tho  swainp^still  collects  the 
rains,  but  the  ditch  continually  carries  away  the  e^ieess.  If  the 
diteli  were  covered,  we  shouhl  see  the  water  only  at  its  place  ot 
exit,  and  wc  might  consider  it  a  spriinj. 

On  the  hill  slope  is  a  spring,  which  is  nothing  but  the  mouth 
of  a  covered  ditch  or  drain  conveying  tho  water  from  some 
saturated  l>ed  of  jioruus  materials  concealed  beneath  the  fields. 
How  steadily  it  flowal  How  limpid  and  cool  and  refreshing  is  the 
stream!  It  gli<les  down  the  banic,  and  is  soon  joined  by  several 
other  streamlets  fed  by  other  springs  along  the  sauie  hill  slope. 
All  together  tliey  form  a  pretty  little  brook,  whicli  (lows  through 
the  meadowii  and  pasture  lands  for  many  a  mile.  And  all  alonf 
its  course    the   grateful    cattle   filnke    their   thirst    fmin    (he  cool 


let  to   thf    hillside   spring       ilirc     Fig     S,    In    a 

cut  which  shows  the  various  beds  of  sand,  gin\<:  I,  and  cla>  which 
form  the  Drift  hill  from  nhiih  tht  wati  r  issues      Here  is  the  soil 
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at  the  top  with  its  vegetation,  and  underneath  are  the  coEnmon 
Drift  materials  presenting  their  usual  imperfect  stratification^ 
their  oblique  lamination,  and  their  abrupt  limitations.  It  is  the 
same  thing  as  seen  in  the  Drift  section  in  Fig.  7.  Only  here  is 
a  bed  of  clay.  It  is  from  the  upper  surface  of  the  clay  that  the 
water  issues.  This  bed  of  clay  extends  back  into  the  hill  an 
unknown  distance.  It  may  be  a  quarter  of  a  mile  or  more.  It 
may  be  even  a  mile  or  several  miles.  Generally,  however,  all  the 
Drift  beds  have  but  very  limited  extent.  Now,  in  this  case,  the 
rain  which  falls  upon  the  fields  percolates  downward  through  the 
sand  and  gravel  beds,  but  is  arrested  by  the  clay  bed.  Then  the 
water  flows  over  the  surface  of  the  clay  bed  in  the  direction  of 
its  slope,  and  that  happens  to  bring  it  to  a  place  of  outcrop  on 
the  hillside.  The  clay  bed  is  like  a  basin  to  hold  the  water,  though 
it  may  be  filled  with  sand.  If  the  basin  is  flat,  or  very  shallow, 
we  have  a  broad  sheet  of  sand  saturated  with  water  ready  to 
flow  off  wherever  its  margin  reaches  a  hill  slope.  If  the  basin  is 
depressed  like  a  trough,  the  most  abundant  flow  is  along  the 
trough.  If  the  hill  slope  cuts  across  the  trough,  then  the  move- 
ment of  the  considerable  stream  may  wash  out  some  of  the  sand^ 
and  leave  a  real  underground  passage,  along  which  flows  a  sub- 
terranean stream.     The  case  shown  in  Fig.  8  is  much  like  this. 

Now,  evidently,  if  the  water  basin  extends  back  under  the 
land,  it  is  possible  for  the  farmer  whose  house  is  too  elevated  to 
have  a  spring  to  dig  down  to  the  basin  of  water  which  supplies 
the  spring.  This  is  a  well.  Wherever  an  excavation  is  sunk  to  a 
bed  of  sand  resting  on  a  clay  stratum,  there  water  will  be  found. 
But  no  one  can  tell  certainly  the  depth  at  which  the  cla}^  stratum 
will  be  reached.  In  some  places  it  is  so  near  the  surface  that 
even  a  common  cellar  reaches  the  water.  In  other  places  it  lies 
at  a  depth  of  fifty,  eighty,  or  one  hundred  feet;  and  the  well 
would  be  too  deep  for  use.  But  remember  that  it  is  not  every- 
where the  same  clay  stratum  which  arrests  the  water.  As  these 
Drift  beds  are  of  very  limited  extent,  no  one  can  be  certain  of 
reaching  water  at  the  same  depth  as  in  another  well  but  a  few 
rods  distant.     Nor  does  the  height  of  the  ground  indicate  any- 
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thintf  in  reference  to  tbe  d«ptfa  of  the  wat«r-beuiiig  ■tiuoa. 
All   these  things  mn  illiutrktod  io  the  adjoining  ont,  Ilg:  9l 
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Here  a,  b,  e  are  oUy  beds,  ekch  of  timited  extent  And  eaoh  ore^ 
laid  by  a  sandy  bed  which  receives  water  by  perooUtion  from  tb« 
surface.  The  descending  water  which  is  arrested  by  e  is  con- 
veyed to  an  outcrop  on  the  hill  slope,  where  it  eaopea  as  a  spring 
and  continues  its  descent.  That  which  is  arrested  by  a  and  4 
spreads  laterally,  and  after  the  basins  are  full  it  overflow!  and 
descends  to  still  lower  basins.  At  e  the  basin  b  is  reached  by 
digging  ten  or  fifteen  feet.  At  d,  which  is  but  a  few  rods  di»> 
tant,  and  is  also  at  a  lower  level,  the  well  must  be  sunk  fifty  feet 
to  reach  the  water  basin  a. 

Probably  the  water  in  bssins  a  and  b  finds  outlet  somewhen 
in  springs.  It  may  be  directly  from  these  basins,  or  it  may  btt 
from  other  basins  into  which  these  overflow.  The  fact  that  a 
basin  supplies  one  or  many  springs  does  not  prevent  its  supplying 
wells  also.  An  excavation  sunk  at  /  would  result  in  a  well, 
though  the  spring  or  range  of  springs  from  the  basin  c  nisy  not 


Spring  and  well  waters  are  not  absolutely  pure.  Remember 
that  these  waters  came  from  the  surface  of  the  land,  and  moat 
have  dissolved  and  carried  away  as  much  as  possible  both  from 
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the  surface  and  from  beneath  the  surface.  You  can  easily  ima- 
giue  that  some  well  and  spring  waters  are  notably  impure  and 
unhealthy.  Some  villages  and  cities  have  been  bo  poisoned  by 
water  which  seemed  to  possess  a  sparkling  purity  that  deadly 
epidemics  have  been  occasioned.  In  many  an  instance  the  mya- 
terious  deaths  of  the  inmates  of  an  isolated  dwelling  —  even  a 
farm  dwelling  in  the  midst  of  the  country  air — have  been  traced 
to  impurity  of  well  water  infected  by  drainage  from  the  sur- 
face. Geologically  speaking,  however,  we  are  most  interested 
in  the  mineral  substances  dissolved  by  subterranean  waters  and 
supplied  to  wells  and  springs.  The  most  frequently  occurring 
are  compounds  of  lime  and  iron.  The  Drift  sands  abound  in 
them;  the  waters  dissolve  them,  and  escaping  to  the  surface  re- 
deposit  them.  A  common  compound  of  lime  thus  deposited  is 
of  the  nature  of  chalk  and  limestone.  It  is  deposited  because 
the  water  escaping  to  the  surface  and  relieved  of  its  pressure 
cannot  hold  as  much  as  while  under- 
ground. When  the  deposit  takes  place 
in  standing  water,  it  forms  a  soft, 
white  substance  called  marl.  When 
deposited  over  the  surface  of  dry 
ground,  it  builds  up  a  layer  of  travei-- 
tin,  which  is  like  a  rock,  and  in  France 
and  Italy  has  been  employed  exten- 
sively for  building  purposes.  When, 
in  flowing  over  the  surface,  the  deposit 
incrusis  mosses,  leaves,  sticks,  or  bones, 
cementing  them  in  a  stony  mass,  it  is 
commonly  called  calcareous  tufa. 

Iron  deposits  are  formed  in  a  similar  ""'  '"-—"'""""'  '*'"*■ 
way.  When  the  iron  compound  saturates  the  materials  of  a 
swamp,  it  forms  ftOff  iron  ore,  and  may  possess  any  percentage  of 
iron,  according  to  the  copiousness  and  duration  of  the  deposition. 
Bog  ores  in  some  places  exist  in  such  abundance  and  purity  that 
iron  is  manufactured  from  them.  Indeed,  it  is  not  unlikely,  as 
we  shall  see,  that  the  great  workable  beds  of  iron  ore  were 
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originally  mere  iron-soaked  bogs.  A  similar  oompoand  of  man* 
ganesc  is  sometimes  deposited  in  low  grounds  in  a  similar  way. 
This  product  is  black,  and  is  known  as  wad  or  fto//  fnanga$i$$e^ 
Both  bog  ores  are  employed  as  paint.  The  bog  iron  gives  us 
oc/irey  and  the  bog  manganese  a  black  pigment  much  used  in 
carriage  painting.  Waters  holding  limestone  in  solution  are 
^M)ar(i."  Those  holding  iron  are  said  to  be  ferruginouBy  and 
often  leave  a  rusty  deposit  on  the  surfaces  which  they  bathe. 
Ferruginous  spring  waters  are  often  described  as  chalyb€ai§» 
Many  of  them  possess  valuable  medicinal  properties. 

EXERCISES. 

Describe  the  situation  of  the  finest  spring  known  to  you.   What  depodtift 
if  any,  does  the  water  leave?   Does  it  produce  any  rusty  stain?    State  when 
sonic  travertin  or  calcareous  tufa  uiay  be  found.     When  moss  is  petrifled* 
do4\<  the  substance  of  the  moss  necessarily  remain?    What  boooroes  of  it  If 
ivA  reniuinini??    What  is  the  cause  of  the  white  deposit  in  the  bottom  of  the 
tea  kettle?   What  sort  of  water  must  be  used  to  prevent  it?    Wliat  would  be 
the  effect  of  hard  water  upon  stream  boilers?    Suppose  water  holding  lim^ 
stone  m  solution  percolates  through  a  bed  of  gravel,  what  happens  to  the  gravel 
arter  a  time?    Could  iron  compounds  be  used  to  produce  the  same  result? 
Name  some  well  which  Is  much  shallower  than  a  neighboring  well.    Suopoee 
the  Drift  were  all  sand,  how  would  the  existence  of  springs  be  a 
Wliere  would  the  surface  water  all  go?    What  would  be  the  effect  on 
of  water?    Mention  a  region  where  the  surface  materials  are  all  sand,    i 
streams  of  water  plentiful  tliere  ?    Did  you  ever  hear  of  a  river  \ 
ill  the  ground?    After  such  a  disappearance  would  it  be  possioie  lor  t 
river  to  reappear?   Search  on  the  map  of  Asia  or  Africa  and  point  out  riv* 
which  terminate  on  the  land.    Suppose  the  Drift  wen*  all  clay,  how  w 
the  existence  of  springs  Ixj  affect e<l? 


STUDY   llh^Bowlders, 

Let  us  return  to  the  bowlders.  Except  over  the  prairie 
regions  we  Bud  them  generally  distributed.  Multitudes  of  them 
may  be  seen  upon  the  surface,  and  almost  every  excavation 
reveals  them  buried  beneath  the  surface  to  depths  as  great  as  are 
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reached  by  the  Drift  formBtion.  In  limited  districts  the  Drift  is 
restricted  chiefly  to  sand  or  to  clay;  and  the  uses  to  which  bowl- 
ders are  applied  are  diminishing  the  number  in  sigfat.  Still,  it  ia 
no  uncommon  thing  to  see  them  clustered  as  thickly  as  is  shown 
in  Fig.  6.  Buwldcrs,  in  some  instances,  retain  enormous  dimen- 
sions. Several  notable  cases  have  been  cited  by  tlie  geologists  of 
New  Hampshire,  and 
one  of  these  ia  repro- 
duced in  the  adjoining  il- 
lustration, Fig.  11.  This 
ties  near  Gilsiim,  New 
Hampshire.  It  is 
feet  long,  24  feet  wide,  1 
and  iC,  feet  high.  It  is 
so  large  that  a  country 
school  house  is  almost 
hidden    behind    it.      In 

1817  an  enormous  piece 

Pio.  II.—Qreat  Bowlder  nuab  OiLsim,  N.  H. 
was  split  off  by  the  ac-  (c.  u.  iiiitlicock.) 

tion  of  frost.    The  piece 

was  33  feet  long  and  10  feet  wide.  The  whole  stone,  before  the 
splitting,  contained  32,000  cubic  feet,  and  weighed  2,286  tons. 
A  thousand  miles  from  here,  on  the  south  shore  of  Lake  Superior, 
are  other  enormous  bowlders,  some  of  which  are  shown  in  Fig.  12. 
The  larger  otie  is  of  porphyry,  and  lies  twenty-fivo  feet  high. 
As  with  alt  bowlders,  its  angles  have  been  rounded  off.  We 
must  endeavor,  in  due  time,  to  ascertain  the  cause  of  this. 
One  of  the  largest  bowlders  known  lies  in  the  Northwest  Ter- 
ritory, north  of  Montana.  It  is  of  quartzite,  and  according  to 
G.  M.  Dawson,  the  portion  above  ground  is  40x40x20  feet. 
Another  one  is  40x30x32  feet. 

One  peculiar  circumstance  connected  with  nearly  all  bowlders, 
large  or  small,  is  their  hardness.  This  is  so  notorious  that,  in 
allusion  to  their  hardness  and  roundness,  they  are  very  generally 
known  as  "  hard-heads."  Occasionally  we  find  a  real  bowlder 
■oft  enough  to  be  scratched  with  a  knife.     Some,  also,  are  in  a 
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sUte  of  progrusaive  duiotflgnitioD.  In  Um  oooim  o(  tim*  thiy 
will  be  reduced  to  Buid  and  minted  with  tba  other  eoiMllliiMiH 
of  the  soil  This  inggesta  thst  muiy  bowlders  miut  alwdy 
have  been  completely  diuDtegrated,  And  that  the  finer  eooitiU 
uenta  of  the  Drift  hare  probably  been  derived  from  daoayin^ 
rocks.  It  suggests,  lurther,  that  it  these  bowldera  were  ever 
angular,  the  simple  process  of  decay  would  have  removed  their 
angles,  and  reduced  them  to  theii  pieaent  ronoded  fomia,  Wa 
must  keep  this  possibility  in  mind. 


Everyone  has  noticed  the  accumulation  of  bowlders  alon^ 
certain  beaches  and  points  exposed  to  the  action  of  the  wavee. 
This  is  not  because  bowlders  are  transported  to  such  sitoaUona 
and  laid  down.  ]t  is  because  the  Drift  abounds  in  bowlden,  and 
in  the  exposed  situations  mentioned,  the  waves  wash  out  the  sand 
and  ppbbles,  leaving  the  bowlders  to  settle  together  close  by  th* 
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water^s  edge.  Innumerable  bowlder  points  may  be  seen  along 
the  coast  of  New  England.  One  interesting  example  is  at  Gay 
Head,  on  Martha's  Vineyard.  The  Great  Lakes  exert  a  wave 
action  almost  equal  to  that  of  the  sea,  and  similar  bowlder  beaches 
may  be  witnessed  at  Keweenaw  Point,  Lake  Superior,  at  Point 
Waugoshance,  Lake  Michigan,  and  a  hundred  other  localities. 
The  curious  phenomenon  of  "walled  lakes"  finds  its  explanation 
here.  Many  small  lakes  in  the  northwestern  states  exhibit  a  rude 
sloping  wall  of  bowlders  forming  the  beach  on  one  or  more  sides. 
Human  fancy  has  sometimes  attributed  these  walls  to  the  agency 
of  the  Indians  or  their  predecessors,  or  even  to  a  race  of  giants. 
We  have  only  to  conceive  the  original  sandy  beach  filled  with 
bowlders,  and  the  easily  movable  sand  washed  out  by  the  action 
of  the  waves,  to  understand  that  the  bowlders  would  gradually 
settle  together  into  the  position  of  a  rude  sloping  wall. 

Almost  every  neighborhood  in  the  northwestern  states  is  in 
possession  of  one  or  more  pieces  of  metallic  copper  discovered  in 
the  Drift.  These  are  real  bowlders.  They  bear  the  same  evi- 
dences of  wear  as  the  stones.  They  have  apparently  been  sub- 
jected to  the  same  ordeaLas  the  other  constituents  of  the  forma- 
tion of  which  they  are  a  part.  These  are  examples  of  native 
copper.  But  native  copper  is  not  known  to  exist  in  all  the  coun- 
try except  in  the  region  of  Lake  Superior.  As  it  would  not  seem 
reasonable  to  regard  these  Drift  specimens  as  produced  where  we 
find  them,  the  theory  is  suggested  that  they  have  been  brought 
from  Lake  Superior.  Now,  in  the  same  connection  you  must 
have  noticed  that  nearly  all  our  bowlders  are  unlike  any  rocks 
found  in  place  at  points  nearer  than  the  shores  of  the  Upper 
Lakes.  All  these  indications  point  toward  the  far  north  as  the 
region  whence  our  Drift  materials  have  been  derived.  We  may 
further  conclude  that  they  would  not  have  been  transported  from 
the  far  north  without  exposure  to  much  wear,  which  would  have 
reduced  their  volume,  rounded  their  angles,  and  produced  an 
abundance  of  fine  material.  These  inferences  must  be  borne  in 
mind  when  we  come  to  theorize  about  the  agency  which  effected 
the  transportation  of  so  enormous  a  quantity  of  stones  and  sand. 
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A  more  attentive  inspection  of  partioalar  bowlders  shows  that 
very  few  are  entirely  homogeneous.  You  must  by  all  mauis 
make  the  examination  for  yourself.  A  good  many  presenting- a 
light-colored  or  pinkish  appearance  are  nearly  homogoneons; 
but  most  of  these,  on  close  inspection,  seem  to  be  formed  of 
grains  more  or  less  closely  compacted  together;  and  they  oontsia, 
also,  an  occasional  grain  or  streak  or  blotch  of  a  different  *color. 
Some  dark-bluish  or  blackish  bowlders  also  appear  to  the  naked 
eye  as  almost  homogeneous.  Close  inspection,  however^  espe- 
cially with  a  magnifier,  shows  that  they  are  finely  grannlsr. 
Most  of  these  reveal,  also,  a  stratified  structure;  that  is,  lines  or 
streaks  or  l)ands  of  slightly  varying  character  extend  in  parallel 
directions  across  the  surface  of  the  stone.  They  indicate  thai 
the  whole  stone  is  composed  of  layers  or  strata  which  slightly 
differ  from  each  other  in  color  or  fineness. 

Most  of  the  bowlders,  however,  are  distinctly  heterogoneons  in 
constitution.  This  is  shown  by  the  different  colors  of  the  mate- 
rials.  Generally  each  different  color  indicates  a  different  mineroL 
Most  howklers  contain  two  or  three  different  minerals,  as  yoa 
will  immediately  observe.  Some  contain  even  more.  NoW|  tbe 
name  of  a  rock  depends  on  the  minerals  of  which  it  is  composed. 
Hence,  to  determine  the  minerals  must  be  our  first  study.  If  tbe 
minerals  are  promiscuously  and  somewhat  equally  distributed^ 
the  rock  is  not  stratified;  it  is  massive.  Unequal  distribution 
sometimes  exists  in  a  massive  rock,  but  the  materials  are  not  die* 
posed  in  parallel  planes.  When  they  arc  so  disposed  we  may 
know  the  rock  is  stratified.  But  these  various  layers  are  not  to 
be  taken  as  strata;  they  are  laminse  if  they  cohere  together. 
Strata  are  indicated  by  the  separation  of  a  rook  into  distinot 
beds.  If  the  strata  are  nearly  a  foot  thick  or  over,  the  rock  is 
thick-bedded.  We  shall  use  the  term  schistose  for  thin-bedded 
rocks.  The  lamination  of  a  rock  is  often  in  the  same  direction  as 
the  bedding  or  stratification;  but  sometimes  it  crosses  the  bed- 
ding. Besides  the  minerals  which  make  up  the  principal  bulk  of 
the  rock,  you  will  often  discover  one  or  more  other  kinds  to  a 
sparing  extent.     These  minerals  differ  generally  in  color  and  also 
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ill  lustre,  transjyarency,  hardness^  and  cryatallme  form.  What 
we  mean  by  lustre  will  be  understood  when  you  compare  a  piece 
of  glass  with  pearl  or  polished  steel.  The  broken  surface  of  the 
glass  reflects  light  perfectly,  brilliantly.  A  reflecting  surface  of 
pearl  is  less  perfect;  the  light  from  it  is  softer.  As  to  lustre,  the 
glassy,  the  pearly,  and  the  inetallic  are  the  most  important  dis- 
tinctions to  make.  Some  minerals,  also,  are  transparent,  like 
glass;  others  are  translucent,  permitting  light  to  pass  imper- 
fectly, though  nothing  can  be  definitely  seen  through  them. 
Others  are  opaque.  In  ordinary  bowlders  nearly  all  the  minerals 
are  hard,  but  with  a  tester  you  will  readily  discover  that  some  are 
more  easily  scratched  than  others,  and  some  cannot  be  scratched 
at  all.  As  to  crystalline  form,  nothing  can  be  made  out  in  some 
cases;  but  in  others  we  can  discern  a  line  or  an  angle,  or  a  plane, 
if  nothing  more.  Even  so  much  indicates  that  a  crystalline  form 
belongs  to  the  mineral,  and  often  gives  a  very  important  clew. 

There  is  one  other  particular  in  which  minerals  differ  from 
each  other.  It  is  very  important,  but  the  distinctions  generally 
cannot  be  detected  without  making  experiments  too  nice  and 
elaborate  for  us  to  undertake.  They  differ  in  chemical  composi- 
tion. The  ultimate  substances  of  which  they  are  composed  are 
different  in  the  relative  proportions  in  which  they  exist.  One 
simple  test  may  always  be  applied  by  us;  we  may  observe 
whether  effervescence  is  caused  by  an  acid;  but  beyond  this  we 
must  take  the  statements  of  the  chemists  who  have  the  requisite 
appliances  for  making  chemical  analyses.  Accomplished  mineral- 
ogists must  themselves  be  chemists;  and  it  is  their  practice  to 
employ  an  outfit  more  or  less  portable  for  making  analyses  in  the 
dry  way;  that  is,  without  making  a  solution  of  the  mineral  to  be 
tested.  They  make  use  of  a  hlow-pipe  and  mostly  dry  re-agents, 
in  the  flame  of  a  lamp  or  gas  jet.  But  though  we  cannot  under- 
take analyses  for  ourselves,  it  is  indispensable  to  understand 
something  of  the  chemical  constitution  of  minerals;  and,  there- 
fore, before  we  proceed  farther  we  must  explain  the  rudimentary 
principles  of  chemistry. 
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E}CERCISEa 


What  very  larg«  bowlder  luTe  yoa  e^er  seen?  What  it  its oolor  m  nauly 
as  you  remember?  Is  it  homogeneous,  or  is  it  oompoeed  of  diflnent 
erals?  Have  you  erer  noticed  the  distinction  between  stratified  and 
itied  bowlders?  Here  are  frai^nents  of  rocks  obtained  bj  bieakiiif  wff. 
several  different  sorts  of  bowlders;  pick  out  one  which  it  homofeiMOWb 
Pick  out  one  wliich  is  heterogeneous.  How  many  kinds  of  mineimb  in  Hhm 
last?  Pick  out  one  having  a  massive  structure.  One  haying  a  tohlstOM 
structure.  One  with  a  thick-bedded  structure.  Has  the  latter  any  lamliUit 
Pick  out  a  specimen  showing  laminap.  What  distinguishes  the  lamiiui  horn 
eacli  other?  What  different  colors  or  forms  of  minerals  can  yoa  distingoiili 
in  it  ?  Put  all  the  massive  specimens  in  a  pile  together.  Put  all  the  itnill* 
fied  sixicimens  together.  Are  there  any  homogeneous  rocks  in  the  latt  pUat 
[The  teacher  will  frame  a  large  number  of  similar  exercises.] 


STUDY  IV.— .4  Little  Chemtntry. 

It  is  generally  believed  that  all  matter  is  composed  of      i 
or  portions  so  small  that  they  are  never  divided  and  oan     t 
divided.     The  finest  dust  floatiog  in  the  air  is  coarse  in  oom] 
son.     The  atoms  are  so  minute  that  they  are  not  only  inv       la 
a  beam  of  light,  but  also  under  the  most  powerful  miorost 
An  impressive  idea  of  their  minuteness  may  be  gained  by  \ 
ing  that  if  a  drop  of  water  could  be  enlarged  to  the  sise  of  ' 
earthy  the  atoms  of  which  it  is  composed,  each  enlarged  in  ' 
same  proportion,  would  be  about  the  size  of  small  shot.     Of  si 
inconceivably  minute  parts  are  all  substances  composed.     In 
stones,  water,  and  air  consist  alike  of  ultimate  atoms,  * 

Now  let  us  follow  our  chemical  teachers.  Among  these  bill* 
ions  of  billions  of  atoms  there  arc  held  to  be  about  sixty-four 
difTerent  sorts.  There  is  one  kind  of  atom  in  iron,  another  in 
gold,  another  in  sulphur.  Some  atoms  appear  to  be  much  mor^ 
abundant  than  others.  If  we  take  an  average  sample  of  the  solid 
part  of  the  earth  weighing  one  hinidred  pounds,  it  will  be  chiefly 
made  up  of  the  atoms  or  elements  named  below,  and  in  about 
the  proportions  stated : 
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Oxygen 

45  pounds. 

Carbon 

Silicon 

25 

Hydrogen 

Aluminum 

10 

Sulphur 

All   together    nearly 
H  pounds. 

Iron 

8 

Nitrogen 

Calcium 

6 

Chlorine 

Sodium 

2^ 

Magnesium     . 

Potassium 

.        2 

Ill  the  atmosphere  and  in  water  there  are  larger  proportions 
of  Nitrogen,  Oxygen,  and  Hydrogen.  A  vast  number  of  atoms 
of  the  same  kind  brought  together  forms  a  visible  amount  of  the 
substance.  Some  substances  are  solid,  others  are  liquid  or  gaseous 
at  ordinary  temperatures,  and  under  other  ordinary  conditions. 
But  it  has  been  shown  that  heat  will  liquefy,  and  even  vaporize, 
all  solid  substances,  while  cold  and  increased  pressure  will  liquefy, 
and  even  solidify,  all  gases. 

All  the  atoms  have  a  tendency  to  come  into  close  union  with 
other  atoms,  and  to  remain  so  united.  This  tendency  is  com- 
monly known  as  chemical  affinity.  The  union  so  formed  is  a 
chemical  compound.  Nearly  all  the  other  atoms  have  affinity  for 
the  atom  called  oxygen.  The  compound  resulting  from  the  union 
of  oxygen  with  another  element  is  termed  an  oxide.  Thus  iron 
and  oxygen  form  iron  oxichj  or  oxide  of  iron.  Silicon  and  oxy- 
gen form  silicon  oxide  /  aluminum  and  oxygen,  aluminum  oxide. 
So  chlorine,  bromine,  iodine,  and  sulphur  united  with  other  sub- 

tnces  form  chlorideSy  broTnideSy  iodides^  and  sulphides.  Many 
these  compounds  are  commonly  known  by  other  than  their 
chemical  names.  Thus,  one  iron  oxide  is  simple  iron  rust;  hydro- 
gen oxide  is  water;  calcium  oxide  is  lime;  sodium  oxide  is  caustic 
soda;  potassium  oxide  is  eaustic  potash;  silicon  oxide  is  silica,  or 
quartz;  sodium  chloride  is  common  salt;  iron  sulphide  is  pyrite. 
Some  compounds  contain  two,  three,  or  more  times  as  much  oxy- 
gen, or  chlorine,  or  sulphur  as  others;  but  we  shall  not  here  ob- 
serve the  distinctions. 

Now,  a  very  important  chemical  principle  is  this :  Oxygen 
united  with  certain  substances  produces  acid-forming  oxides; 
while  with  other  substances  it  forms  basic  oxides.     The  addition 
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of  hydrogen  to  an  acicl-fomiing  oxide  makes  an  oe         1 

of  the  acids  most  important  for  us  end  in  tV.     Th       i 

acid,  or  '*  oil  of  vitriol,^  is  composed  of  sulphur,  oxy|        i  w 

drogei).     Nitric  acid  is  composed  of  nitrogen,  oxygen,  i 

gen.     The  basic  oxides  generally  have  names  which  < 

Many  of  them  have  also  old,  popular  names,  as  before       U 

Another  important  principle  is  this:  The  acids         «  i 
tendencies  to  form  compounds  with  the  bases.     Such  c        i 
are  salts  ;  and  if  the  name  of  the  acid  end  in  te,  the  of 

salt  ends  in  ate.     Thus,  sulphuric  acid  and  soda  form  sod 
phate,  or  according  to  the  old  nomenclature,  still  much      i 
pluite  of  soda.     Silicic  acid  and  lime  form  calcium  s, 

silioate  of  lime;  carbonic  acid  and  lime  form  calcium        b 
or  carbonate  of  lime,  which   is  familiarly  known  as  lii 
chalk,  and  marl.     The  latter,  however,  commonly  conti        i 
mixture  of  day. 

A  third  important  principle  is  this:  The  affinities  of  d 
substances  for  the  same  substance  are  not  all  equal.     Sul 
acid,  for  instance,  has  a  stronger  affinity  for  lime  than        I 
acid  has.     Hence,  when  sulphuric  acid  is  brought  into  <        i 
with  carbonate  of  lime,  the  carbonic  acid  is'  driven  off,  and 
sulphuric  acid  takes  its  place,  forming  sulphate  of  lime.     All 
mineral  acids  will  do  the  same,  forming  each  its  appropriate 
of  lime.     Even  strong  organic  acids,  like  pure  vinegar  or  m 
acid,  will  drive  carbonic  acid  away  from  carbonate  of  lime. 
car})onic  acid  is  a  gas  (called  also  carbon  dioxide),  it  assumes 
form  of  a  gas  instantly  on  being  compelled  to  dissolve  its  unit 
with  the  lime.     The  gas  is  much  more  bulky  than  the  carbonate^ 
and,  accordingly,  it  forms  numerous  small  bubbles  with  the  liquid 
acid  which  remains  uncombined.    This  phenomenon  is  called  ^et^ 
vesce/ice.     The  demonstration  of  effervescence,  as  illustrative  of 
this  selective  action  among  acids  and  bases,  is  quite  within  th« 
reach  of  our  simple  resources.     Take  a  bit  of  chalk  and  apply  a 
drop  of  any  strong  acid  to  the  surface,  and  effervescence  instantly 
ensues.    The  effervescence  shows  that  carbonic  acid  was  one  of  the 
constitutents  of  the  chalk.     Strong  vinegar  will  pro<luoe  efferv 
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oeiice.  The  same  result  follows  if  marl  or  limestone  is  employed; 
hence,  these  are  shown  to  be  carbonates. 

A  fourth  important  principle  is  this:  Heat  weakens  the  strength 
of  the  union  formed  between  two  or  more  substances.  We  have 
just  seen  that  limestone  is  carbonate  of  lime  —  that  is,  a  union 
between  lime  and  carbonic  acid.  Now,  if  we  subject  limestone 
to  a  red  heat,  the  union  between  the  acid  and  the  base  is  not  only 
weakened,  it  is  destroyed.  The  carbonic  acid  rises  into  the  atmos- 
phere, and  the  lime  remains.  Simple  lime  is  known  as  quick- 
lime,  or  caustic  lime.  But,  after  cooling,  it  is  eager  to  regain  a 
supply  of  carbonic  acid,  or  other  acid,  and  it  slowly  absorbs  that 
gas  from  the  atmosphere.  If  we  dissolve  quicklime  in  water,  and 
pour  off  the  clear  fluid  standing  over  the  excess  of  lime,  we  have 
lime-water.  This  eagerly  unites  with  or  neutralizes  any  acid  with 
which  it  comes  in  contact.  Hence  it  is  employed  to  correct 
"acidity  of  stomach."  If  now  we  breathe  into  the  lime-water 
through  a  straw  or  a  glass  tube,  the  carbonic  acid  from  the  lungs 
unites  with  the  lime  in  solution  and  forms  a  white  cloud,  because 
the  carbonate  of  lime  resulting  is  not  much  soluble,  and  remains 
as  an  infinitude  of  minute  white  particles.  These  slowly  settle  to 
the  bottom  and  form  a  white,  chalky  powder,  known  as  precipi- 
tated chalk.     This  also  is  used  by  physicians  as  an  antacid. 

Should  we  pour  slowly  a  quantity  of  lime-water  over  a  pile  of 
sand,  it  is  obvious  that  the  carbonate  of  lime  would  be  formed  in 
the  interstices  between  the  particles,  and  might  finally  fill  them 
up.  The  grains  of  sand  would  then  be  firmly  cemented  together 
by  a  calcareous  cement.  We  shall  find  many  rocks  thus  ce- 
mented. The  application  of  a  drop  of  acid  then  produces  slight 
effervescence,  which  reveals  the  nature  of  the  cement. 

Intense  lieat  is  capable  of  dissolving  very  many  unions  —  not 
alone  between  acids  and  bases,  but  between  oxygen  and  other 
substances.  It  is  probable  indeed,  that  a  degree  of  heat  is  pos- 
sible which  would  reduce  all  substances  to  their  ultimate  ele- 
ments. In  such  a  heat,  no  compounds  could  exist.  This  state 
of  matter  is  known  as  dissociation  and  the  facts  are  connected 
with  theories  of  the  primeval  condition  of  the  world. 
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Thus  it  appears  that  nearly  all  tubatanoes  known  to 
chemical  compounds.     Minerals  are  obemioal  oomponn       i 
greater  part.     Certain  metals  only,  in  the  native  ,  i       ele« 

mentary  or  uncompoundecL     Gold,  silver  and  oopper  i     \  h 

but  nearly  all  metals,  as  well  as  other  substances,      ve  <       in 
into  combinations  as  oxides  or  chlorides,  or  sulphides,  or 
ates  and  other  salts.     It  is  an  important  fact  that  every  el 
compound  tends  always  to  form  crystals  of  the  same  fundi 
form.     That  is,  it  will  form  solids  always  of  the  same  o      r  (        , 
rhombohcdron,  hexagonal  prism,  etc.),  and  always  ha^       ; 
sides  so  inclined  to  each  other  as  to  fonn  the  same  a 
then,  for  instance,  we  have  learned  by  observation  what 
geometrical  solids  is  formed  by  calcium  carbonate,  and  i 
values  of  the  angles,  and  then  find  an  unknown  mineral  of 
same  geometrical  form,  and  having  the  same  angles,  it  is       r- 
fectly  safe  to  conclude  that  the  unknown  mineral  is  oaloium 
bonate.     That  is,  its  chemical  composition  is  shown  by  its  oyi     !• 
line   form.     In   tho   determination   of    minerals,   therel 
detection  of  the  crystalline  form  is  always  desirable.     By       a 
of  the  form,  the  hardness,  the  color,  the  lustre  and  the        i 
gravity,  we  may  generally  make  a  determination  of  the  com 
minerals.     Knowing  the  mineral,  we  know  the  chemical  sub 
in  it.     All  that  we  shall  at  present  attempt  is  the  detem 
of  the  common  minerals  entering  into  the  formation  of  the 
mon  rocks;  and  we  shall  attempt  this  almost  wholly  by  an  ii 
tion  of  their  physical  characters. 

EXEKCI8ES. 

Wliat  is  the  acid  in  carbonate  of  potash?  Of  what  is  chloride  of  cal- 
cium composed?  What  is  the  composition  of  lime?  Name  some  substances 
which  arc  elementary.  Name  some  containing  oxygen.  Why  cannot  the 
atoms  of  matter  be  seen  under  the  microscope?  Are  the  atoms  infinite^ 
small?  Did  you  ever  notice  a  calcareous  incrustation  on  stones  in  a  pond  or 
lake?  How  might  it  be  explained?  Why  is  it  not  a  pure  white,  like  chalkf 
Name  some  acid  which  has  a  strong  affinity  for  lime.  Name  one  having  a 
feebler  affinity.  What  would  be  a  relief  to  acidity  of  tho  stomach?  What 
would  result  if  pulverized  marble  were  thrown  into  a  vessel  of  vinegar?    If 
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vinegar  is  acetic  acid,  wliat  salt  would  be  formed?  If  you  take  one  hundred 
grains  of  the  average  solid  earth,  how  many  grains  of  silicon  might  be  ex- 
tracted from  it?  How  many  grains  of  potassium?  State,  if  you  can,  what 
elements  arc  most  abundant  in  vegetation.  What  is  the  principal  source  of 
carbon  in  plants? 


STUDY  v.—  Quartz  and  Feldspar. 

We  are  now  prepared  to  begin  the  investigation  of  common 
minerals.  Let  us  select  a  common  bowlder  and  break  it  Into  so 
many  pieces  that  each  of  us  shall  have  one  fragment  of  conven- 
ient size  to  hold  in  the  hand  and  inspect.  The  collection  of  these 
specimens  may  have  been  done  beforehand;  or  we  may  proceed 
together  to  the  field  and  procure  the  specimens  as  we  need  them. 
The  best  bowlder  to  begin  on  will  be  one  containing  several  min- 
erals. This  will  be  indicated  by  the  various  colors  —  though 
sometimes  various  colors  result  merely  from  different  varieties  of 
the  same  mineral,  as  we  shall  see. 

Now,  with  our  specimens  in  hand,  suppose  one  or  more  of  the 
minerals  is  nearly  white;  and  suppose  another  reddish,  and  an- 
other quite  dark  colored.  Look  attentively  at  the  light  colored 
minerals  and  consider  if  they  seem  to  be  all  alike.  Test  the  hard- 
ness of  several  samples  of  the  white  mineral,  or  minerals.  Can 
you  make  a  scratch  on  them  ?  Yes,  you  say,  your  implement 
leaves  a  dark  metallic  mark.  That  is  not  a  scratch  of  the  min- 
eral. It  shows  that  the  mineral  is  harder  than  the  implement. 
Well  as  soon  as  we  observe  this  we  may  pronounce  the  mineral 
quartz.  This  is  the  hardest  of  all  the  common  minerals.  It  is 
also  very  abundant.  It  is  not  always  white,  or  nearly  white.  It 
may  be  transparent,  pink,  red,  smoky,  or  even  almost  black.  But 
its  hardness  will  always  betray  its  character. 

It  has  another  character  by  which  you  may  almost  always 
detect  it.  Quartz  has  a  vitreous  or  glassy  lustre.  This  is  most 
conspicuous  where  the  quartz  is  transparent,  but  in  all  ordinary 
quartz  the  glassy  lustre  can  be  seen. 


24 


UBOLOOIUAL  STCDtBS. 


Tlie  quartz  minerals  thui  detected  in  the  bowlder  yon 
be  generally  rounded  grains  or  pebbles.     Sometimea,  in     cd* 
are  so  closely  compacted  together,  that  the  outlines  at 
can  scarcely  be  traced.     One  would  think  that  some  lar|       i 
rock  had  been  reduced  to  small  fragments,  and  the  I 
rubbed  together  until  the  angles  were  rounded,  and  then  au  0 
pacted  as  we  see  them.     But  quarts  being  a  simple  mineral, 
crystallizes  in  a  definite  form.     The  separate  crystalline  b( 
resulting  are  crystals.     The   or 
of   quarts    is   a    hexagonal 
Here,  in  Pig.  13,  you  hare  «  view 
seTeral  crystals,  lai^r  and  1 

Each    has    six    sides,   and  the 
slopes    correspond  to  tfae 

faces.    This  is  the  termit       i 

!^  ^^19H-^^^^^lf^SI      infrequently   quarts   cryi     la  o 

'  *i  IsiK i^^Bl!!  ^1      with  a  termination  at  each  <     1.     T 

crystal  appears  to  have  been  (o 

by  progressive  additions  on  all 

Fid.  13.-A  OBoiTPorCKTBTAi.a       gides;  for  almost  always  we  see 

orQLABTT.  ^jjg   moTfi    built   out    than   i 

But  tlie  mure  a  side  projects  the  narrower  it  is,  since  the 

tiguous  sides  must  be  preserved  in  true  planes.     Good  q 

crystals  may  sometimes  be  found  in  coarse  bowlders,  espeoiallj 

Pure  quartz  is  transparent,  like  glass,  and  the  orystaU 
sent,  therefore,  a  remote  resemblance  to  diamonds.     "  B: 
pebbles"  and  "Alaska  diamonds"  are  merely  crystalline  q 
QuHrtz,  however,  is  more  commonly  mixed  with  some  impdki 
and  it  thus  loses  transparency  and  acquires  color.     Violet  ool 
quartz  is  amethyst.     Quartz  tto  mixed  as  to  have  a  uniform  wi 
lustre  rather  than  a  brilliant,  glassy  lustre  is  chalcedony ;  * 
alternating  bands  of  differently  colored  chalcedony  form 
A  chalcedony  containing  minute  mossy  patches,  of  deeper  oo 
is  a  moss  agate.     If  the  impurities  greatly  dull  the  lustre  of 
quartz  it  becomes  ^sn*,  and  if  they  produce  an  earthy  lustre  it 
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jasper — red,  black,  or  green.  Chert  is  an  impure  quartz,  gen- 
erally containing  lime. 

It  is  most  important  to  know  of  what  quartz  is  composed.  It 
is  its  composition  which  determines  all  its  properties.  The  chem- 
ist tells  us  that  quartz  is  pure  silica^  and  that  silica  is  composed 
of  silicon  and  oxygen.  There  are  twenty-eight  grains  of  silicon  to 
every  thirty-two  of  oxygen.  So  you  can  calculate  from  the  table 
in  Study  IV  that  one  hundred  pounds  of  the  solid  earth  contain 
about  fifty-three  and  six-tenths  pounds  of  silica,  or  quartz. 

Now  we  will  carefully  examine  and  test  every  part  of  the 
rock  specimen  in  hand,  to  ascertain  whether  it  contains  more 
than  one  variety  of  quartz.  Very  likely  we  shall  discover  two 
varieties  —  one  with  more  color  than  the  other.  One  may  be 
nearly  transparent,  and  the  other  a  little  reddish  or  a  little  dusky. 
But  we  must  be  sure  the  glassy  lustre  is  also  present. 

Is  there  a  light-colored  mineral  present  which,  with  consider- 
able effort,  receives  a  scratch?  Is  there  a  pinkish,  reddish,  or 
cream-colored  mineral  which  can  be  scratched?  Any  mineral  of 
these  colors,  if  so  hard  as  to  be  scratched  with  difficulty^  is  proba- 
bly a  feldspar.  Quartz  will  scratch  feldspar;  but  feldspar  will 
not  scratch  quartz.  Quartz  will  always  scratch  glass.  Most  glass 
may  also  be  scratched  by  feldspar,  but  not  so  readily. 

There  is  sometimes  diflficulty  in  deciding  whether  a  small 
grain  of  a  mineral  is  quartz  or  feldspar.  We  had  better  select 
rocks  at  first  which  are  coarse-grained.  But  sometimes  we  are 
compelled  to  make  the  determination  in  a  fine-grained  rock. 
Whether  fine  or  coarse,  we  may  proceed  next  to  examine  the 
lustre.  Feldspar  has  a  pearly  or  subvitreous  lustre  in  most  cases. 
If  we  detect  such  a  lustre  instead  of  the  bright,  glassy  reflection 
caused  by  quartz,  the  question  is  decided.  If  we  have  a  doubtful 
mineral,  we  must  frequently  glance  at  the  lustre  of  an  undoubted 
fragment  of  quartz,  and  compare  the  two  lustres.  Very  often 
the  lustre  serves  to  identify  feldspar. 

But  there  is  another  method.  Feldspar  fragments  often  pre- 
sent in  the  rock  distinct  flat  faces  or  surfaces.  Quartz  fragments 
do  not.     Hence,  if,  on  changing  the  position  of  the  stone  in  ref- 
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ereiKM*  to  the  light,  we  see  here  and  there  |      t 

appearing  and  disappearing  as  they  reflect  ana  Oi         to  l 
the  light  from  a  window,  then  we  may  be  pretty  <  i 

feldspar.     If,  on  testing  for  hardness,  one  of  th<       a 
little  softer  than  quartz,  the  suspicion  is  confin    d.     i      11: 
if  i\w  reflecting  plane  is  bounded  by  a  straight  line,  ill 
plane  or  face  can  be  seen  making  nearly  a  right  an|      wi' 
first  one,  then  we  have  a  final  proof,  if  the  other  i 
agree,  that  the  mineral  fragment  under  consideration       r< 

Here  in  the  margin  is  a  cut  of  a  felds]       f 
where  a  is  one  of  the  reflecting  faces  and  o 
other;  and  these  join  together  at  a  right  a        | 
y^^    j^  nearly  that.     This  is  larger  than  most  of  the  i 

FRAtiMKNT  OF      Hients  fouud  in  the  rocks.     A  common  form 
fkmispar         which  feldspar  is  seen  is  that  of  a  box  partly  c 

I'RY.-^TAL.  .  ,  f  ^f 

by  pressure  applied  in  the  middle  of  one  end  Mi 
to])  and  exerted  toward  the  op]K)8itc  end  of  the  bottom.     ] 
the  sides  remain  at  right  angles  with  the  top  and  bottom. 
such  forms  can  only  be  seen  in  fragments,  and  generally  w 
jnagnificr. 

It  is  often  the  case  that  no  right  angle  can  be  detected. 
the  reflecting  surfaces  may  be  present,  showing  also  the  peaiij 
subvitnous  lustre.     Hut   if  no  faces  can  be  found,  the 
lustre   may  he  there,  distinctly  less  brilliant  than  in  a  oaio 
})roken  quartz;  and  finally,  the  test  for  hardness  remains  to  i 
The  test  of  weathering  is  also  valuable.     On  the  weathen 
fac(^  tlie  quartz  grains  retain  their  glassy  lustre;  feldspar  g 
weather  oj)aque  and  earthy,  with  increased  whiteness.     In 
of  tliese  various  resorts  the  learner  will  sometimes  feel  in 
whctlier   certain  fragments   are  quartz  or  feldspar.     This 
good  reason  for  discouragement.     Quite  possibly  the  case  is 
dillicult  one.     He  may  try  another  rock,  and,  if  possible,  a  coarser 
one;  or  he  may  keep  on  repeating  the  round  of  tests,  and  c< 
to  tlie  best  decision  he  can. 

The  geometrical  form  under  which  common  feldspar  crystal! 
is  shown   in   Fig.  15.     Here  you  see  the  position   of  the  rij 
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Orthoclasb,  a  Species  up 
Feldspar. 


angle  represented  in   Fig.  14,  since  /  2  is  at  right  angles  with  /  i 
and  also  with  0. 

We  say  this  is  common  feldspar;  since 
there  exist  really  several  species  of  feld- 
spars, all  of  which  are  composed  chemi- 
cally of  silica,  alumina^  and  an  alkaline 
constituent,  while  they  differ  according  to 
the  nature  of  that  constituent.  If  to  silica 
and  alumina  be  united  potash,  the  feldspar 
is  orthoclase,  or  common  feldspar,  the  spe- 
cies which  gives  us  most  nearly  a  right 
angle.  This  is  also  called  potash  feldspar. 
If  the  alkaline  constituent  be  soda,  we  fio.  15— Large  Crystal  of 
have  the  feldspar  known  as  albite,  or  soda 
feldspar.  If  it  is  lime,  we  get  anorthite. 
If  it  is  soda  and  lime,  we  have  a  soda-lime  feldspar,  lahradorlte, 
or  ollgoclase.  There  are  a  few  other  feldspars,  but  we  need  not 
mention  them  here. 

It  is  important  to  notice  the  proportions  of  silica  in  the  sev- 
eral feldspars,  because  acidic  feldspars,  or  those  with  much  silica, 
are  found  in  company  with  other  minerals  having  much  silica,  and 
ha^sic  feldspars,  or  those  poor  in  silica,  seek  the  company  of  other 
basic  minerals.  Now  the  acidic  feldspars  have  silica  as  follows: 
orthoclase,  65  per  cent ;  albite,  G8 ;  and  oligoclase,  62  per  cent. 
The  basic  feldspars  have  silica  as  next  follows:  labradorite,  52; 
anorthite,  43.     (See  the  Table  of  Compositions,  Study  VIII.) 

You  perceive  that  the  feldspars  differ  in  their  composition; 
but  we  cannot  easily  test  the  composition,  and  therefore  we  have 
no  certain  way  for  distinguishing  them.  Hence,  sometimes  we 
must  simply  say  the  mineral  is  a  feldspar.  If  we  detect  the  right 
angle,  we  may  say  it  is  orthoclase.  All  the  other  feldspars 
named  may  be  grouped  as  plagioclase  or  triclinic  feldspars.  Of 
the  plagioclasc  feldspars,  albite  inclines  to  snowy  white;  anor- 
thite is  often  glassy  and  transparent;  labradorite  inclines  to 
gray,  brown  or  greenish,  with  sometimes  a  beautiful  play  of  colors 
in  reflected  light;  oligoclase  is  generally  white  with  a  greenish 
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tinge  and  fine  striie  on  the  prinoipal  faces  —  to  be  seen  with  a 
magnifier.  The  presence  of  the  colors  indicated  affords  only  aiini 
presumption  as  to  the  species  of  plagioclase  under  inTestigatioii. 
Any  plagioclase  may  show  striations.  We  may  safely  say:  If  th« 
right  angle  is  present,  the  feldspar  is  orthoclase;  if  strisD  ara 
present  it  is  a  plagioclase;  if  the  feldspar  is  glassy  it  is  Teiy 
probably  a  plagioclase;  if  it  is  cream-colored  or  reddish  it  is 
probably  orthoclase;  if  dusky  or  greenish,  or  with  internal  reflec- 
tions, it  is  probably  plagioclase.  Orthoclase,  also,  undergoes  less 
change  from  weathering  than  plagioclase;  and  it  is  found  move 
commonly  in  the  company  of  quartz. 

Here  is  a  table  in  which  the  characters  are  presented  another 
way : 


Nunu*  of  Feld!«par. 


OrthoclHse. 
WicTooliue. 


fl 


4)  r 

MM 


Alhitc. 


Oligoclase. 


Labradorltc. 


Anorthlte. 


Alkaline 
Constituent. 


Potatih. 

Potash—Soda. 

Soda. 

Soda— Lime. 

Liinc— Soda. 

Linio. 


Leading  Cdoin. 


White,  creamy,  gray,  fleah- 
red. 

Like  orthoclane,  or  green. 


White  rarely  binivh,  gray, 
reddish,  greenish. 


Faintly    grayish-green, 
white. 


Grar.  brown,  greenish. 
Play  of  colors. 


TnuMparenqr- 


TransloeeiiU  opaf  «i 
Rarely  tranapimt 

Translocent 


Transparent  to  tnMrsMk 
lucent. 


Transparent  to  rabCms* 
Incent. 


Transparent  to 
lucent. 


I  White,  grayifh,  reddiKh.     ■  Transparent  to  tisatls*. 
I  cent. 


By  the  decomposition  of  the  feldspars  we  get  kaolin^  whioh 
consists  chiefly  of  silica,  alumina  and  water.  It  is  white  when 
pure,  and  is  used  in  the  manufacture  of  porcelain  and 


ware. 


KXERCISES. 


Have  you  found  any  quartz  in  the  specimen  in  your  Iiand?    How  i 
varieties  of  quartz  in  the  specimen  ?    Stat€  the  color  of  each  variety.     Is  tl 
any  transparent  quartz  in  the  specimen?    Point  out  any  feldspar  in  i 
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specimen.  How  do  you  know  it  is  not  quartz?  What  indication  that  it  is 
orthoclase  or  oligoclase?  Point  out  some  reflecting  faces  of  feldspar.  Have 
you  met  with  any  striated  feldspar?  Take  another  bowlder  fragment  and 
point  out  the  quartz.  Point  out  the  feldspar.  How  many  varieties  of  quartz 
can  you  find  in  it?  How  many  varieties  of  feldspar?  Point  out  plagioclase 
if  any.  Practice  holding  different  specimens  in  such  way  as  to  catch  the 
feldspar  reflections.  Notice  again  and  again  the  difference  between  the  lus- 
tre of  feldspar  and  that  of  quartz.  Search  many  different  specimens  from 
different  bowlders  for  varieties  of  feldspar,  and  particularly  for  striated  feld- 
spars. Do  you  often  find  orthoclase  and  plagioclase  in  the  same  bowlder? 
What  are  commonest  colors  of  feldspar,  according  to  your  observation? 
Does  quartz  break  with  smooth  faces,  like  feldspar?  Which  has  the  most 
glistening  lustre?    Have  you  noticed  feldspar  fractures  with  a  dull  Justre? 

Observation.— The  discrimination  of  feldspar  from  quartz  is  sometimes  difficult  in 
small  grains.  But  do  not  be  discouraged,  for  it  is  difficult  sometimes  even  for  the  pro- 
fessor. Repeat  these  and  similar  exercises  very  many  times*.  Use  the  same  bowlder  frag- 
ments and  alt«o  different  ones.  Every  time  you  succeed  you  will  feel  fresh  delight. 
Every  time  you  fail,  form  a  new  resolve.    Always  study  with  specimens. 


STUDY  Yh— Bark -Colored  Minerals, 

Let  us  examine  fartlier  the  same  rock  specimens  as  before  used. 
We  suppose  these  contain  one  or  more  dark-colored  minerals.  If 
they  do  not,  we  must  provide  ourselves  with  specimens  from 
some  other  bowlder.  Among  dark  minerals  disseminated  through 
bowlders,  it  will  be  noticed  that  some  occur  in  thin,  mostly  shin- 
ing, scales,  and  others  do  not.  Let  us  take  specimens  containing 
a  scaly  mineral.  It  is  probably  mica.  With  a  knife  point  you 
may  lift  up  a  succession  of  thin  scales  from  the  same  fragment. 
There  seems  no  limit  to  the  capability  of  splitting.  Notice  that 
if  the  surfaces  are  brilliant,  the  scales  are  generally  elastic  and 
tough.  But  examples  long  exposed  to  water  and  air  have  mostly 
lost  their  elasticity,  and  have  become  softer,  sometimes  easily 
crushing  to  a  greenish-gray,  lustreless  powder.  When  the  mica 
is  unaltered  there  is  no  difficulty  in  identifying  it;  but  when 
much  altered  it  approaches  the  appearance  of  some  other  altered 
minerals. 

Mica,  like  feldspar,  is  a  generic  name;  but  all  the  micas  are 
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composed  of  silica,  aluiiiina,  potash  and  iroiii  with  some  otbtr 
characterizing  constituent.  Common  mioa  (so-oalled)  is  thm 
species  nuiscovite.  It  splits  into  thin,  toagh,  flexible,  elaatio 
scales.  In  color  it  varies  from  white  to  gray,  brown  and  pal* 
green.  It  is  sometimes  violet,  yellow  or  dark  olive  green. 
Bronzy  muscovite  is  sometimes  mistaken  by  the  ignorant  for 
gold.  The  transparent  variety  is  extensively  employed  in  stovtt 
doors,  and  is  sometimes  ignorantly  called  '^  isinglass.^  By  absorp* 
tion  of  water,  muscovite  undergoes  the  changes  already  men- 
tioned,  and  becomes  hydromica^  also  called  niargarodUe.  W* 
find  the  mineral  in  all  stages  of  transition  to  hydromioa;  and  on* 
is  often  at  a  loss  to  decide  between  the  two  names.  Through 
the  same  kind  of  change  it  approaches  talc  and  chlorite,  as  w* 
shall  see. 

Deep  black  mica  with  splendent  lustre  is  generally  the  spcoieft 
called  hiotite.  We  shall  find  it  more  common  than  muscovite. 
Phlof/opite  is  yellowish-brown,  brownish,  red  (often  with  copper* 
red  reflections),  green,  white  or  colorless.  This,  also,  is  quite  ooni* 
mon.  Lepidolite  or  lithia-mica  is  sometimes  seen  in  delicate 
pinkish  scales.  You  will  endeavor  to  find  in  bowlders  the  differ^ 
ent  species  of  mica  mentioned. 

While  speaking  of  the  scaly  minerals  in  our  hands,  it  is  b* 
to  mention  a  few  which  are  not  micas.     We  shall  meet  w       t 
occasional  I V.      Those  which  we  shall   mention  are  all   hi     n 
silicates  of  magnesia,  except  one,  with  generally  other  ooi 
ents;  one  of  these  is  tcdCy  which  is  simply  a  hydrous  silicate 
magnesia  —  that   is,   composed   of    silica,    magnesia   and  v 
The  sv*alos  are  thin  and  tender,  and  not  elastic,  and  their  i 
ranges  from  apple-green  to  white  or  silvery.     Talc  is  the  sof 
of  the  minerals.     The  scales  are  very  easily  reduced  to  pow<      . 
The  mineral  has  a  peculiar  greasy  feel,  and  this  is  one  means  < 
distinguishing  it  from  some  micas;    though,   as  before  stati     » 
hydromioa  approaches  it.     Another  mineral  called  pyrophyl 
is  a  hydrous  silicate  of  alumina.     Thin  scales  appear  much  lili 
talc;  but  the  mineral  is  chiefly  known  as  the  constituent  of  a  fi 
compact  rock  used  for  slate  pencils.     Serpentine,  a  hydrous  sili< 
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of  alumina,  magnesia  and  iron,  is  sometimes  scaly  or  foliated,  but 
more  frequently  fibrous.  It  is  far  better  known,  however,  in  the 
massive  state  as  a  rock.  Its  color  is  leek-green  or  blackish-green, 
and  like  talc  it  has  a  greasy  feel.  Under  chlorite  are  included 
chiefly  two  foliated  minerals  which  are  both  hydrous  silicates  of 
alumina,  magnesia  and  iron,  and  both  of  a  greenish  color.  Of 
these,  ripidollte  is  transparent  or  translucent,  with  flexible,  some- 
what elastic  leaves,  and  prochlorite  is  translucent  or  opaque,  with 
flexible  and  inelastic  leaves.  Keep  a  watch  for  these  scaly  min- 
erals. 

This  ends  the  important  scaly  or  foliated  minerals.  There  are, 
however,  two  species  of  dark  minerals  of  much  importance,  and 
sometimes  we  experience  difficulty  in  distinguishing  them  from 
dark  mica.  Amphibole  is  one  of  these.  If  you  take  in  hand 
a  bowlder  fragment  containing  some  dark  min- 
eral which  is  not  mica,  the  mineral  is  likely  to 
be  hornblende^  the  common  variety  of  amphi- 
bole. We  can  easily  provide  ourselves  with 
samples  of  such  a  rock.  We  must  have  them. 
Now  look  at  this  dark  mineral,  hornblende.  It 
is  dark  greenish  or  nearly  black.  It  has  a  bright 
lustre,  and  about  the  hardness  of  feldspar.  If 
you  scratch  it,  the  streak  is  white  or  whitish. 
You  can  generally  detect  a  crystalline  face;  and  sometimes  you 
find  a  crystalline  form  which  is  like  a  six  or  four  sided  rod,  as 
shown  in  Fig.  16.  Often  the  surface  of  the  crystal  fragment  pre- 
sents a  fibrous  structure.     This  distinguishes  it  from  black  mica. 

Another  variety  of  amphibole  is  white  and  fibrous,  and  this 
is  treniolite  or  asbestos.  Asbestos  somewhat  resembles  linen,  and 
may  be  made  into  cloth  which  is  incombustible.  It  is  used  as  a 
non-conductor  of  heat  to  wrap  around  steam  boilers  and  pipes. 
Still  another  variety  is  actinolitey  consisting  of  coarser  and 
solider,  green  radiating  fibres  or  blades.  Silica,  magnesia,  lime, 
iron,  and  often  alumina  are  the  principal  constituents  of  amphi- 
bole. By  combining  with  water,  hornblende  changes  to  a  soft, 
greenish  mineral  resembling  hydromica,  though  not  in  scales. 


Fig.  16.— Crystals 
OF  Hornblende, 
THE  Common  Va- 
riety or  Amphi- 
bole. 
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The  other  important  species  of  the  dark*  minerals  is  pyroaoene^ 
It  closely  resembles  amphibole,  though  inclining  more  to  green- 
isli  tints.      It  holds  the  same  constituentty  though  in  different 
proportions;  and  has  nearly  the  same  crystalline  forms  and  hard- 
ness and  nearly  the  same  specific  gravity.    It  is  not  easily  dittin- 
guished  without  microscopic  or  chemical  study.     In  colony  when 
it  varies  from  green  or  greenish-black  (augiU^  the  common  Tan- 
ety),  it  approaches  whitish  in  one  direction  {sahlite)  and  brown- 
ish in  the  other  (diallage).     It  is  seldom  quite  black,  while  this 
is  a  common  color  with  amphibole  (in  hornblende).*     The  differ- 
ent natures  of  hornblende  and  aug^te  are  shown  by 
/     v      the  fact  that  hornblende  is  very  often   found,  like 
muscovite,  in  company  with  quartz,  while  augite  is  sel- 
dom so  found.     Their  resemblance  in  crvstalline  form 
will   be   seen   by  Qomparing   Fig.   1?  with  Fig.   16. 
FiQ.  17.       Here  the  faces  1 1  make  with  each  other  an  angle 
cbtstal   of  of  87^  5',  while  in  hornblende  the  same  faces  stand  at 
the'common  *"  a"i?J«  <^^  124**  30'.     In  Fig.  17  this  angle  is  tron- 
vauiktt  of    cated  by  the  plane  »  i.     It  is  seldom,  however,  that 
we  can   detect   the   angles   in   the   small   fragments 
found  in  common  rocks. 

There  are  still  two  minerals,  generally  dark,  or  even  black, 
wliich  possess  some  importance  as  rock  constituents.  One  of 
these  is  totirmaline.  It  is  seldom  sufficiently  abundant  to  deter- 
niiiio  the  name  of  a  rock,  but  its  presence  sometimes  necessitates 
a  qualifying  epithet.  Tourmaline  may  often  be  seen  in  the  form 
of  straight,  stick-like,  shining,  black,  imperfectly  three-sided 
prisms  imbedded  in  crystalline  limestones  or  quartz  rocks,  and 
not  unfrequently  other  kinds  of  rocks.  The  common  prisms 
range  in  size  from  a  twentieth  of  an  inch  to  half  an  inch  and 
over.     Their  sides  are  curved  and  generally  striated  or  fluted, 

*  In  addition  to  thii},  augite  is  frequently  found  altered  to  honiblende.  In  splta  of 
thct>c  rescmblanccR  between  amphibole  and  pyroxene  — especially  between  the  Tulettos 
hornblende  and  angito  — it  is  very  desirable  for  tlie  trained  investigator  to  be  able  to. 
diBcriniinatc  between  them,  since  the  determination  of  certain  rocks  depends  on  tills. 
Moreover,  there  are  important  and  deep-seated  difference«i  between  them,  aw  is  shown  bj 
their  optical  and  microscopic  propertie»«. 
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with  a  hardness  equal  to  quartz.  Rarer  varieties  of  tourmaline 
are  brown,  green,  blue,  pink,  and  even  white.  The  mineral  con- 
tains boric  acid,  besides  silica,  alumina,  and  sundry  other  constit- 
uents in  various  proportions. 

The  last  of  the  dark  minerals  worthy  of  mention  is  hyper- 
sthene.  This  is  sometimes  a  rock  constituent  in  company  with 
labradorite.  It  occurs  in  masses  of  thin,  brittle  lamellse  of  a 
dark  brownish-green,  grayish-black,  greenish-black,  or  pinchbeck- 
brown  color,  having  a  hardness  nearly  equal  to  orthoclase.  It 
has  about  the  same  constituents  as  amphibole. 

EXERCISES. 

Take  in  hand  a  rock  fragmcut  coiitaiiiiiig  a  dark  mineral,  and  state 
whether  the  mineral  is  scaly.  If  so,  are  the  leaves  elastic:  Are  they  brit- 
tle? What  is  their  color?  What  proportion  of  the  rock  do  they  form?  If 
not  scaly,  is  the  mineral  lamellar?  Is  it  fibrous?  What  is  its  color?  Is  it 
shining  or  dull  in  lustre?  If  the  scales  were  greenish,  what  mineral  would 
they  probably  be?  Would  they  then  be  elastic  or  not?  If  whitish,  what  min- 
eral would  they  probably  be?  Would  they  be  elastic  or  not?  Would  they  be 
harder  or  softer  than  mica?  If  the  scales  are  jet  black,  what  mica  have  we? 
What,  if  they  are  reddish?  What,  if  they  are  bronze-like?  What  points 
must  Im?  mentioned  in  describing  a  mineral?  Take  another  rock  specimen, 
and  describe  completely  the  most  abundant  mineral  in  it.  What  light- 
colored  minerals  do  you  see?  Pick  out  a  mineral  which  you  think  is  augite. 
What  particulars  lead  you  to  think  it  augite?  Pick  out  a  sample  of  horn- 
blende. What  differences  between  them  can  you  discern?  Which  has  most 
quartz  associated  with  it?  If  a  rock  contains  biotite,  is  the  other  dark 
mineral,  if  present,  likely  to  be  hornblende  or  augite?  Select  a  rock  contain- 
ing hydromica.  Why  will  not  hydromica  effervesce?  What  may  hydromica 
be  mistaken  for?  Explain  why  the  surface  rock  often  contains  hydromica 
and  the  deep  quarry  rock  rauscovite.  Did  you  ever  know  of  a  man  who  col- 
lected bowlders  containing  bronzy  mica,  thinking  this  mineral  to  be  gold? 
Search  for  specimens  of  tourmaline.  How  does  tourmaline  differ  from 
hornblende?    How  will  vou  know  it  when  found? 
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STUDY  VII. — Lime^  Mafffiesia^  and  Iron  Jtinerala. 

Anion (^  important  rook  ingredients  two  yet  remain  to  be 
studied  which  belong  to  the  group  of  carbonates.  Some  of  the 
properties  of  carbonates  have  already  been  learned,  especially 
their  tendency  to  effervesce  when  strong  acids  are  applied  to 
them.  Chalk,  we  have  seen,  is  a  carbonate,  but  it  does  not  pre- 
sent any  crystalline  form  or  lustre.  It  is  simply  earthy,  and  con- 
sists of  a  mass  of  fine  particles  of  carbonate  of  lime  compacted  • 
together.  Marble  also  consists  of  a  mass  of  grains  and  particlea 
somewhat  cemented;  but  marble  has  some  lustre.  There  are 
shining  faces.  In  fact,  a  close  inspection,  especially  with  a  magni- 
fier, shows  that  the  rock  is  composed  of  small  crystal  fragments. 
Some  marbles  are  sufficiently  coarse  to  show  the  crystalline  struc- 
ture very  distinctly. 

Now  we  frequently  find  these  crystals  sufficiently  large  to  be 
studied.  Let  us  seek  for  some  white  vein  running  through  an- 
otiier  rock.  We  may  at  first  fall  upon  a  vein  of  white  quarts* 
The  tester  will  determine.  Suppose  we  have  found  a  white  min- 
eral or  fragment  large  enough  to  show  crystalline  form,  and  soft 
enough  to  be  easily  scratched.  Probably  this  is  caicite.  You 
cannot,  perhaps,  discover  the  complete  form;  but  if  you  scruti- 
nize closely,  you  will  notice  some  angles,  and  you  will  p^rceive^ 
probably,  a  number  of  cracks  which  run  in  directions  parallel  with 
the  faces  revealed.  Perhaps  the  cut.  Fig,  18,  represents  part  of 
what  you  see.  Here  is  one  face  <i,  bounded  by  another 
face  b,  forming  an  angle  along  the  line  m  n.  This  la 
not  a  right  angle,  but  is  greater  or  less.  You  see,  also^ 
along  the  fractured  border  of  a  several  angular  sali- 
ences, which  are  bounded  on  one  side  by  planea  ez- 
Fio.  ]H.  actly  parallel  with  6,  and  on  another  by  planes  parallel 
FuAOMKNT  ^jijjj  g^^jj  other,  and  in  fact  parallel  with  another  face 
ofCalcite.  of  the  broken  crystal.  The  directions  of  these  planea 
are  continued  in  cracks  passing  through  the  crystal* 
It  appears  that  the  crystal  is  made  up  of  many  small  crystals,  all 
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having  the  same  shape.     If  we  could  get  one  of  these  crystals 
out,  it  would  present  the  form  shown  in  Fig.  19.     This  form  is  a 
rhombohedron.     If  you  take  a  cubical  box  and 
partly  crush  it  by  pressing  against  one  corner      ^T  V 

toward  the  corner  diagonally  opposite,  you  re-         \^.^     -irz.-sJs^^ 

duce  the  box  to  the  form  of  a  rhombohedron.  ^ -^ 

Notice  particularly  the  difference  between  this        °'   c^lcite'^^'^  ^^ 
and  common  forms  of  orthoclase. 

The  hardness  of  this  crystal  is  much  less  than  that  of  ortho- 
clase; and  this  furnishes  a  third  easy  means  of  separating  the 
twa  minerals  —  effervescence,  want  of  right  angle,  and  lower  hard- 
ness. 

The  cracks  generally  apparent  indicate  cleaoar/e  planes,  as 
Fig.  18  shows.  Every  fragment,  therefore,  presents  the  same 
angles  as  the  whole.  Calcite  is  sometimes  as  transparent  as 
glass,  and  then  known  as  Iceland  spar.  It  possesses  the  strik- 
ing property  of  double  refraction.  If  you  place  a  plate  of  Ice- 
land spar  on  a  printed  page,  you  sec  every  letter  beneath  it 
double.  Calcite  is  more  commonly  almost  opaque.  Its  color  is 
nearly  always  white,  but  sometimes  we  find  it  yellowish,  delicate 
blue,  and  various  other  tints.  The  fundamental  rhombohedron  is 
also  frequently  modified,  and  the  forms  resulting  are  very  numer- 
ous. The  most  common,  however,  is  that  known  as  dcxj-tooih 
spaVy  of  which  a  couple  of  large  crystals  are 
shown  in  Fig.  20. 

We  must  not  conclude  too  readily  that  a      ^ 
whitish    mineral   is   calcite,   even    when   soft 
enough  to  be  cut  with  a  knife.     Not  unfre-  > 

quently  we  encounter  crystals  having  the  lus-  j  ' 

tre  and  hardness  of  calcite,  but  with  curved  j  ' 

I  J 

faces — opposite  ones  being  convex  and  con-  /      '■_.■■ 

cave.     Cold  dilute  acid  applied  to  these  does 

not  cause  effervescence,  even  after  thev  are  \ 

reduced  to  powder.     But   heat  applied  pro-       pio.  20. -Doo -tooth 
duces  it.     The  chemist  informs  us  that  this  Spar. 

mineral  is   composed  of   carbonate  of   lime. 
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fift\  -ft)ur  parts,  and  carbonate  of  magnesia,  forty-six  parts.  A 
mineral  having  this  composition  is  called  dolomite.  This  crystal 
with  curved  faces  is  a  variety  called  pearl  spar^  when  the  color 
is  white,  and  brown  spar  when  the  color  is  brown.  The  brown 
coloring  ingredient  is  iron.  So  manganese  or  cobalt  gives  a  red- 
dish dolomite. 

But  when  the  crystalline  faces  are  7tot  curved  it  is  difficult  to 
distinguish  dolomite  from  calcite  without  chemical  analysis.  We 
may  iind  "veins"  of  coarse  dolomite  crystals  closely  resembling 
calcite  veins  in  color,  form,  and  hardness  of  the  mineral.  Our 
only  expedient  then  is  the  dilute  acid.  We  shall  see  that  dolo- 
mite is  a  mineral  almost  as  abundant  as  calcite,  and  hardly  less 
im))ortant. 

A  rock  ingredient  belonging  to  the  group  of  sulphates  is 
very  familiar.  It  is  soft  enough  to  be  crushed  between  the 
teeth.  Everyone  knows  gypsum;  but  pure  crystallized  gypsum 
is  less  connnon.  It  occurs  in  distinct  crystals,  or  broad  leaves,  or 
plates,  sometimes  a  yard  across,  and  as  transparent  as  glass.  This 
variety  is  called  selenite.  One  of  the  crystal  plates  is  shown  in  Fig. 
21.     Gypsum  is  composed  of  sulphuric  acid  forty-six  and  one-half 

parts,  lime  thirty-two  and  one- 

-  half  parts,  and  water  twenty- 

^  \  ^  one  parts.     When  subjected  to 

^^  ^^^  ^®*^  ^'^®  water  is  expelled,  and 

-^____^        the  gypsum  is  said  to  be  "cal- 

'■''       cined."    When  ground  gypsum 

F,«.  ai.-A  TnAN^vAKKNT  cnYsT.vL  .,r        jg  calcined  it  constitutes  «  plas- 

(fYPsCM.  ^ 

ter  of  Paris" — so  called  be- 
cause the  (quarries  at  Montmartre,  Paris,  supplied  gypsum  for  cal- 
cination and  use  in  the  city.  The  Paris  gypsum,  however,  con- 
tained also  carbonate  of  lime.  When  calcined  gypsum  is  exposed 
to  wat(M'  it  reunites  with  a  certain  amount  of  water,  and  re^ 
sunu's  a  hin^h  decree  of  hardness.  In  other  words,  it  "sets."  It 
is,  therefore,  valuable  for  many  purposes. 

There  are  three  principal  ores  of  iron  which  in  some  regions 
exist  tf^  a  rock-making  extent.      Ilmmatite  is  simply  an  oxide  of 
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irony  composed  of  two  equivalents  (or  atoms)  of  iron  and  three 
of  oxygen.  Taking  the  mineral  by  weight,  one  hundred  parts  of 
haematite  contain  thirty  of  oxygen  and  seventy  of  iron.  This 
mineral  is  well  known  as  iron  rust.  In  nature  it  is  often  beauti- 
fully crystallized,  and  occurs  also  in  granular  and  stalactitic 
shapes,  and  in  laminae,  either  thick  or  thin.  The  crystals  have  a 
metallic  lustre,  and  sometimes  are  truly  splendent.  Their  color 
is  steel  gray,  or  iron  black,  but  scales  thin  enough  to  transmit 
light  are  blood  red.  When  the  surface  is  shining  and  mirror- 
like,  the  mineral  is  called  "  specular  "  ore.  Haematite  sometimes 
occurs  in  thin  fiiicaceotcs  scales,  and  frequently  in  compact  fibrous 
masses.  When  earthy,  it  becomes  red  chalk  and  red  ochre. 
Haematite  sometimes  attracts  the  magnetic  needle.  A  neat  way 
of  distinguishing  haematite  in  any  of  its  varieties  is  by  the  red 
color  of  its  powder  (called  streak).  Powdered  haematite  is,  there- 
fore, red,  and  is  much  used  as  a  red  paint, 

Lim<yiiite  is  simply  haematite  which  has  united  with  water. 
It  contains  sesquioxide  of  iron,  eighty-six  parts,  and  water,  four- 
teen parts,  in  one  hundred.  The  eighty-six  parts  of  the  ses- 
quioxide contain  twenty-six  parts  of  oxygen  and  sixty  parts  of 
iron.  We  find  limonite  commonly  in  stalactitic  or  botryoidal 
forms : — the  latter  like  bunches  of  grapes  —  and  having  a  fibrous 
structure.  These  forms  often  possess  a  nearly  black,  glaze-like 
exterior.  In  the  mines  at  Salisbury,  Conn.,  Amenia,  N.  Y., 
and  in  many  other  localities,  the  cavities  of  the  rocks  often 
contain  groups  of  brilliant  black,  icicle-like  columns  of  limonite 
depending  from  the  roof  or  reaching  quite  to  the  floor  of  the 
cavity.  In  other  situations  this  ore  is  earthy,  and  constitutes 
ordinary  yellow  ochre.  This  is  the  iron  deposit  of  bogs,  where  it 
forms  hog  iron  ore,  of  which  we  have  before  spoken  (page  11). 
Limonite  is  easily  distinguished  by  its  yellow  or  yellowish-browti 
streak. 

Magnetite,  the  third  important  ore  of  iron,  is  known  by  its 
black  streak.  It  is  a  mixture  of  the  two  principal  oxides  of 
iron — protoxide  (or  one  of  oxygen  and  one  of  iron),  and  ses- 
quioxide (or  three  of  oxygen  and  two  of  iron).     The  amount  of 
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oxygen  in  one  hundred  parts  by  weight  is  twenty-eight  pMts^ 

and   the  amount  of    iron  seventy-two.     This  ore, 

/1\        therefore,  contains  more  iron  per  ton  than  either  of 

<:'^jr^^    t^^  others.     It  tends  to  crystallize  in   bUck  octa* 

\  1/  X       hedrons,  or  eight-sided  forms  like  Fig.  22,  which  are 

sometimes  found  scattered  through  crystalline  rocks. 

otTuiEDnAL    -^lagnetite  is  so  named  because  it  strongly  attracts 

CiiTSTM.  or     the  magnetic  needle.      Occasional  pieces  possess, 

A(.NhTiTE.     ^1^^^  ^1^^  polarity  of  the  magnetic  needle,  and  these 

are  known  as  loadstone  or  lodestone.     There  are  several  other 

ores  of  iron  of  less  importance  than  these. 

We  ought  to  make  mention  of  a  few  additional  minerals 
wliicli  sometimes  give  a  qualifying  character  to  rocks,  even  if 
they  are  not  eoiutitutivey  like  tlio  others  named.  Pyrite  or 
jyyrites  is  bronze  yellow,  hard  as  quartz,  and  occurs  in  cubes  and 
octahedrons.  It  is  composed  of  sulphur  and  iron.  JE^idoie  is 
mostly  a  pale  yellowish-green  mineral,  as  hard  as  quarts,  com- 
posed of  silica,  alumina,  lime,  and  iron.  It  is  known  principally 
in  a  massive  or  rock  condition,  as  a  constituent  of  crystalline 
rocks.  The  crystals  are  generally  elongated,  sometimes  needle- 
shaped  or  iil)rous.  Garnet  is  a  generic  name  of  minerals  con- 
sisting of  silica  and  various  bases.  The  g^amets  present  a  g^reai 
range  of  colors,  but  the  common  garnet  is  a  deep  wine-red.  It 
is  an  iron-alumina  garnet;  when  transparent,  '' precious  gmrnet," 
It  is  easily  recognized  by  its  twelve-sided  or  twenty  four-sided 
form.  Kmerij  is  an  impure  corundum.  The  latter  exceeds  quarts 
in  hardness,  and  consists  almost  wholly  of  alumina.  All  these 
minerals  may  be  found  in  common  bowlders,  and  the  student 
must  not  cease  to  search  until  he  finds  them. 


EXERCISES. 

Wliiit  is  the  nature  of  the  rusty  deposit  from  some  spring  waters?  What 
is  t  lu>  nature  of  the  white  deposit?  Suppose  luematite  combines  with  water, 
what  (Iocs  it  become?  If  limonite  loses  its  water,  what  does  it  become?  How 
many  pounds  of  iron  in  2,000  pounds  of  limonite?  How  many  in  S,00& 
pounds  of  ha>matite?  How  many  in  2,000  pounds  of  magnetite?   How  matt|^ 


REVIEW   OF   THE   IMPORTANT   MINERALS.  39 

pounds  of  lime  in  2,000  pounds  of  calcite?  What  use  has  calcite  in  agricul- 
ture? Which  is  most  suitable  to  the  soil,  calcite  or  quicklime?  What  is  the 
difference  between  farm  plaster  and  plaster  of  Paris?  If  a  supposed  calcite  does 
not  effervesce  with  cold  acid,  what  may  be  concluded  as  to  its  composition? 
How  may  calcite  be  easily  distinguished  from  gypsum?  Name  all  the  white 
minerals  thus  far  described.  Which  is  hardest?  Which  softest?  Which 
next  to  hardest?  Sliow  a  specimen  of  calcite.  Show  some  other  minerals 
and  name  them.  How  can  you  distinguish  mica  from  micaceous  hsematite? 
In  a  mass  of  iron  ore  kept  constantly  wet,  which  will  we  have,  haematite, 
limonite,  or  magnetite?  State  where  you  have  seen  any  of  these  ores.  Which 
ore  was  it?  IIow  do  vou  know?  What  arc  the  uses  of  enierv?  What  is  an 
emery  wheel?  Have  you  found  calcite  in  a  rock  abounding  in  quartz?  If 
so,  was  the  calcite  generally  distributed  or  in  a  layer?  Was  it  fine-grained 
calcite  or  coarsely  crystalline?  Have  you  found  calcite  in  company  with 
biotite?  In  what  sort  of  rock  did  you  find  octahedrons  of  magnetite?  Show 
three  specimens  giving  the  three  streaks  of  the  principal  iron  ores.  Why  is 
hornblende  darker  than  calcite?  Why  is  it  heavier  than  calcite?  What 
minerals  have  vou  now  in  your  collection? 


STUDY   VIII. — Revieio  of  the  Lnportant  Minerals. 

Of  the  thirty-five  or  forty  species  of  minerals  briefly  noticed, 
the  following  are  the  most  important  in  the  study  of  rocks: 
Quartz,  orthoclase,  plagioclase,  museovite,  biotite,  hydromica, 
talc,  hornblende,  augite,  calcite,  and  dolomite.  The  student  who 
can  discriminate  these  under  their  various  aspects,  and  especially 
in  rocks  not  coarse-grained,  has  accomplished  much.  The  re- 
maining species,  nevertheless,  are  liable  to  be  met,  and  many  of 
them  constitute  important  ingredients  in  certain  rocks  not  gener- 
ally distributed.  This  will  appear  when  we  come  to  the  study  of 
rocks. 

We  have  prepared,  for  the  convenience  of  the  student,  a 
tabular  exhibit  of  the  chemical  composition  of  those  minerals, 
and  have  added  in  the  last  column  figures  expressive  of  the  hard- 
ness of  each.  The  meaning  of  these  figures  is  understood  by 
reference  to  certain  standards  of  liardness  as  indicated  on  page  43. 

A  few  species  are  mentioned  in  the  table  for  the  first  time. 
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THE  COMMON  MINERALS. 
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SCALE   OF  HAKDNESS. 


1.  Talc,        [  Scratched  with  the  finger  naU. 

2.  Gypsum,  ) 

8.  Calcite  I  Easily  cut  with  a  knife, 

4.  Fluorite  (Fluor  Spar),  )  ^ 

5.  Apatite,  Cut  with  difficulty. 

6.  Orthoclase,  Barely  scratched  by  steel. 

7.  Quartz, 


8.  Topaz  or  Beryl, 

9.  Corundum, 
10.   Diamond, 


Not  scratched  by  steel. 


The  "Table  for  Determinations "  must  not  be  regarded  mm  an 
infallible  guide,  but  it  will  probably  be  an  aid  to  the  student.  A 
great  deal  of  exercise  should  be  had  on  it. 

TABLE  FOR  DBTERMINATIOX  OF  MINERALS. 

Hjmlness  G.5  to  7  or  over. 
liUstre  vitreous. 
Color  black;  sometimes  brown,  green,  blue,  pink  or  white; 

often  in  prisms  with  curved,  striated  or  fluted  sides,  TVurmoUfit* 
Color  yellowish-green,  Bpfdoi$m 

Color  deep  red,  crystalline  fonn  conspicuous,  12-24-sided,  Oamti^ 

Color  whitish,   dusky,   reddish;   transparent  when  pure; 
crystalline  faces  not  shown  on  fracture. 
No  double  refraction;  crystal,  a  6-sided  prism,  Qumiw, 

Double  refraction  strong  (when  transparent) ;  crystal  oc- 
tahedral or  cubical,  AndahuiiM, 
Lustre  nietallic ;  color  brass  yellow,  l)frifc» 
Ilai'lness  4.5  to  0. 
Streak   brownish   yellow;  lustre  silky;  often  stalactitio  or 

botryoidal,  LimomtMm 

Streak  red;  often  lamellar,  columnar  or  granular,  BamaHiB. 

St  rcak  dark  reddish-brown ;  acts  slightly  on  the  magnet.         FraiMimiim 
St  leak  submetallic :  powder  black  to  brownish  red,  Mmaeeami^ 

St  rcak  black,  lustre  metallic ;  crystals  often  octahedral,  Magn$iU$» 

St  reak  light. 
Streak  white:  color  mostly  light,  ranging  through  white, 
gray,  red,  brown  and  green ;  lustre  pearly  or  vitreous- 
pearly  ;  texture  not  fibrous  (Feldspar). 
With  right-angled  crystallization;  no  surface  striations; 

colors  mostly  white,  creamy  and  pale  red,  OrihopiaMi^ 
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No  exact  right  angle;  striations  often  present;  colors 
bluish,  grayish,  greenish,  dusky  or  white,  sometimes 
glassy  transparent,  Plagioclaae, 

Streak  pale  greenish. 

Color  black  or  greenish   black;  texture  often   fibrous; 

having  no  prismatic  right  angle  (Ampiiibole).  Hornhlende, 

Color  green,  greenish  or  greenish-black;  often  white  if 
fibrous. 
Texture  seldom  fibrous;  having  a  prismatic  angle  of 

nearly  90"  (Pyroxene),  Augite, 

Texture  of  radiating,  prismatic,  greenish  fibres,  Actinolite, 

Texture  of  fine,  parallel,  whitish  fibres  or  blades,  Tremolite, 

Streak  grayish  or  brownish-gray;  color  dark  brownish- 
green,  grayish-black,  greenish-black;  lustre  sotne- 
times  a  little  metalloidal,  Ilypersthene, 

Hardness  from  3  to  4. 
Effervescence  with  acids;  color  generally  nearly  white;  some- 
times transparent ;  lustre  vitreous  or  vitreous  pearly. 
Effervescence  with  cold  acid ;  faces  not  curved ;  often  trans- 
lucent or  transparent;  generally  distinctly  rhombo- 
hedral,  Calcite, 

Effervescence  only  with  hot  acid. 
Lustre  inclining  to  pearly;  color  often  brownish;  faces 

sometimes  curved,  Dolomite, 

Lustre  vitreous. 
Color  white,  yellow,  gray,  brown,  green,  Magnesite. 

Color  ash-gray  to  brown  or  red,  Siderite, 

No  effervescence  with  acids;  lustre  greasy,  waxy  or  earthy; 

color  greenish ;  occuring  only  massive.  Serpent itie. 

Hardness  below  3;  no  effervescence  with  acids. 
Structure  distinctly  foliaceous. 
Folia  elastic  when  unweathered. 
Colors  from  black  to  greenisli;  lustre  splendent,  Biotite, 

Colors  gray,   brow^ii,   greenisli,  violet,    yellowish,  olive- 
green;  often  transparent,  Muscovite, 
Colors  yellowish-brown   to  brownish,  often  with  copper 

reflections,  Phlogopite, 

Coloi-s  grass-green  to  olive-green;  transparent  to  trans- 
lucent, Ripidolite, 
Folia  inelastic,  greenish,  reddish  or  black. 

Color  pink  or  pinkish,  Lepidolite. 

Color  apple-green  to  whitish;  folia  Hexible  but  inelastic ;  j  Talc, 

feel  greasy,  (  Fyrophyllite* 
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Color  deep  frreen  (Chlorite). 
Kan,u:iii«;  from  grass-fi^reen  to  olive-green;  folia  some- 
what elastic;  transparent  to  translucent,  Ripidolite* 
Ran^iiis?  from  ^rass-green  to  blackish-green;  translu- 
cent to  opacpie,                                                                   Prochlorite. 
Color   black:    folia   flexible;    feel   greasy;  streak  black; 

lu>trc  metallic.  Graphite, 

Strnctuio  indistinctly  foliaceous  or  compact;  green  or  green- 
ish; lustre  earthy.  Hydromica, 
Structure  not  foliaceous;  sometimes  lamellar. 

Color  liirht ;  lustre  vitreous  or  silky;  crystals  transparent,  Oypsum, 

Color  black;  blackens  white  i)aper;  in  granular  masses,  Graphite, 


STUDY  \X.-Qfnfrtzosf'  Rocks. 

Wo  return  now  to  tbe  field  and  resume  our  intercourse  with 
tbo  bowlders.  We  should  be  prepared  to  study  them  now  as 
rock  sj)eciiiiens.  Any  accessible  rocks  "in  place"  —  bed  rocks  — 
will  bo  (juito  as  suitable,  and  should  be  especially  studied;  but 
taking  our  country  at  large,  not  one  tenth  of  our  students  could 
dop(Mi(l  on  finding  a  supply  of  rock  specimens  without  recourse  to 
bowlders.  Tiiese  are  almost  everywhere  throughout  our  northern 
states.  On  tiio  prairies  and  in  the  southern  states  where  bowlders 
do  not  al)()und,  tbev  should  be  obtained  from  some  bowlder-cov- 
ered  region.  Tbey  should  be  had  in  large  supply.  Regions 
al)ounding  in  bowlders  are  even  better  situated  for  lithological 
studies  tlian  other  n^gions,  since  the  number  of  species  to  be  had 
o!i  a  s(juaro  niiie  is  niucii  greater  than  would  be  supplied  within 
an  ecpial  area  by  rocks  in  ])lace. 

You  have  noticed  that  all  the  rocks  which  thus  far  have  been 
in  our  bands  for  mineral  study  have  been  hard  and  made  up  of 
grains  wliicb  are  either  crystals  or  fragments  of  crystals.  They 
an^  therefore  known  as  crystalline  rocks.  On  the  contrary,  the 
bed  rocks  in  most  portions  of  the  country  are  not  so  hard  and 
crvstalliiie.  Tiiey  consist  of  limestones,  sandstones  and  shales, 
having  mostly  a  dull  lustre,  often  con\^\v\\ng  fossils ,  and  if  the 
constituents  are  sufficiently  coarse  to  be  detected  with  the  ma^- 
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nifier,  they  are  seen  to  be  rounded  as  if  they  liad  themselves,  at 
some  time,  been  rolled  about  like  bowlders.  Many  limestones, 
however,  are  exceptions  to  this  statement,  some  of  them,  and 
most  marbles,  being  decidedly  crystalline.  You  have  remarked 
then  two  series  of  rocks,  the  crystaUhte  and  the  fragmental; 
and  you  already  know  that  nearly  all  our  bowlders  belong  to  the 
crystalline  series.  Of  the  crystalline  rocks  you  have  already  no- 
ticed many  sorts  or  species,  and  you  will  find  them  very  mucli 
more  diversified  than  the  fragmental. 

Probably  the  first  bowlder  which  we  attempt  to  study  will  be 
a  quartzite — a  rock  composed  wholly  of  quartz,  or  nearly  so, 
and  either  massive  or  thick-bedded.  Glancing  over  the  field,  you 
will  probably  notice  many  white  or  very  light-colored  bowlders. 
Inspect  one  of  them  closely.  Test  it  for  hardness.  You  make 
no  scratch.  Examine  its  structure.  Can  you  trace  the  outlines 
of  its  constituent  fragments  or  grains?  If  you  can  do  this  easily, 
the  quartzite  is  granular.  But  if  you  find  the  constituent  grains 
closely  pressed  together,  so  that  they  seem  to  have  indented  eacli 
other  and  blended  together,  the  quartzite  is  xfifreous.  Sometimes 
it  is  so  vitreous  as  to  almost  constitute  sometliing  like  a  mass  of 
opaque  glass.  On  the  other  extreme,  the  grains  are  sometimes 
so  little  adherent  that  the  rock  crumbles,  and  is  then  2i  friable 
quartzite.  All  this  you  can  easily  demonstrate  in  the  field. 
Otherwise,  the  different  sorts  of  specimens  can  be  collected  and 
brought  before  the  class,  and  placed  in  your  hands. 

There  are  several  other  varieties  of  quartzites.  They  may  be 
fine  or  coarse.  When  they  contain  pebbles  they  are  quartzose 
conglomerates.  Some  are  composed  chiefly  of  white  porcelain- 
like  quartz;  others,  of  a  more  glassy  quartz.  Some  have  grains 
or  pebbles  of  jasper — red  jasper  being  quite  common.  These 
Brejasperg,  There  may  be  present  sparsely  scattered  crystalline 
fragments  of  mica,  hornblende,  talc,  chlorite,  or  other  minerals 
which  give  a  qualified  character  to  the  quartzite.  It  is  then 
niicaceouSy  hornblendiCy  talcose,  or  chloritic.  Quite  often  the 
peculiar  straight,  long,  black  crystals  of  tourmaline  are  seen. 
With  a  little  patience  you  may  collect  twenty  or  more  varieties 
of  quartzite. 
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But  we  liave  also  frayniental  quartzose  rocks.  The  common 
sandstones  seen  in  tlio  blufT  or  used  in  some  of  our  buildings  is 
composed  merely  or  mostly  of  grains  of  quartz.  But  when  you 
inspect  tiie  rock,  the  shining  lustre  of  the  quartzite  is  wanting, 
and  the  grains  arc  not  so  closely  compacted  together.  The 
sandstone,  therefore,  is  more  easily  broken;  and yWaWe  kinds  are 
of  more  frecimmt  occurrence.  Moreover,  you  will  notice  in  e\-ery 
sa  mist  one  the  presence  of  foreign  particles,  sometimes  of  an 
earthy  cliaraeter  and  sometimes  of  other  minerals  not  quartzose. 
Anioriir  frairmental  quartzose  rocks  there  are  also  cout/lomertUes 
and  (jrits  and  materials  of  various  colors,  making  the  general  tint 
of  the  rock  <rray,  bluish,  reddish,  purplish,  or  even  nearly  white. 
The  eharaeter  of  tlie  sandstone  may  also  be  qualified  by  the 
pr('S(;nee  of  foreign  ingredients  like  mica,  clay,  calcite,  iron-rust, 
bitumen,  petroleum,  or  coaly  matters.  It  is  then  rnicac€OU8^ 
ar'/ilhic^ oufi^  ('.((IrarroKs^  feri'ffffhions^  bituminous,  patrol iferouSy 
or  ('<irh<niiir<  (>ns. 

Most  of  tlie  quartzites  show  little  evidence  of  stratification  or 
arranpr«^nient  in  layers  or  "beds."  Others  are  thick-bedded^  and 
still  others  are  tlun-hedded,  and  present  a  finer  and  generally 
more  homonfeneous  texture.  These  are  silicioHS  schists.  By 
tlie  aiMition  of  miea,  hornblende,  or  other  minerals,  they  become 
sc/tfsfs  of  other  sorts,  as  we  shall  see.  When  the  bedded  quartz- 
ites contain  argillac(»ous  matter,  and  are  extremely  fine  and  uni- 
form, tii(\v  constitute  Dovaculite.  When  they  are  reddened  by 
an  ai)un(lance  of  luematite,  they  form  a  jasper  schist.  The 
jasjxry  materials  are  generally  arranged  in  ribbon-like  bands 
alternatinjLT  witli  materials  more  luematitic  or  more  purely  sili- 
cicMis.  These  bands  are  often  so  folded  and  contorted  as  to  con- 
stitute  a  curious  and  instructive  studv. 

riic  materials  of  quartzo-:e  rocks  sometimes  occur  quite  un- 
cemented.  Indeed,  all  beds  of  sand  are  such,  and  illustrate  what 
is  su])pose(l  to  iiave  been  tlie  remote  condition  of  most  quartzose 
rocks.  How  the  sand,  in  the  course  of  time,  has  become  so 
consolidated  is  not  fully  understood.  Among  some  fragmental 
rocks,  however,  we  can  dete(»t  some  kind  of  cement.     Oxide  of 
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iron  sometimes  serves  as  such  cenieiit,  and  this  imparts  a  reddish 
or  yellowish  color  to  the  rock.  Carbonate  of  lime  is  a  common 
cement,  and  in  such  cases  can  be  detected  with  the  naked  eye  or 
the  lens  as  a  whitish  filling  of  the  interstices.  Its  presence,  also, 
is  denoted  by  a  slight  effervescence  with  acids.  Some  sandstones 
are  so  highly  calcareous  that  on  breaking  the  rock  sparry  reflect- 
ing faces  are  visible  running  through  it  for  short  distances. 
These  are  faces  of  the  rhombohedral  form  under  which  the  car- 
bonate of  lime  has  crystallized. 

Many  of  you  have  noticed,  scattered  over  the  fields,  flattened 
rounded  stones  of  dark  reddish  color  and  considerable  weight, 
apparently  containing  iron,  but  also  with  more  or  less  fine  sand 
disseminated  through  them.  As  found  in  the  soil,  they  are 
generally  composed  of  concentric  layers,  one  within  the  other. 
The  outer  layers  are  distinctly  reddish,  and  not  very  hard,  but 
there  is  generally  a  central  nucleus  which  is  grayisli-black,  com- 
pact, and  hard.  Quite  often  the  outer,  softer  layers  are  detached 
from  the  inner  mass;  and  this  often  takes  place  before  the  stone  is 
broken.  The  nucleus  can  then  be  heard  rattling  within,  when 
the  stone  is  shaken.  These  stones  are  the  subjects  of  much 
curiosity  and  conjecture  among  those  ignorant  of  geology.  They 
are  often  called  "iron-stones,"  "kidney  iron-stones,"  or  when 
clayey,  "clay  iron-stones,"  and  with  a  little  more  correctness, 
"iron  nodules"  or  "iron  concretions."  Now,  the  chemist  as- 
certains for  us  that  they  are  composed  chiefly  of  carbonate  of 
iron,  and  are,  therefore,  impure  siderite.  Our  own  inspection 
reveals  a  concentric  structure,  sliowing  that  they  are  ferruginous 
concretions.  That  is,  the  iron  matter  began  at  first  to  collect 
around  a  centre  in  some  sand  or  clay  rock,  then  successive  layers 
collected  around  the  first  ones,  so  that  the  whole  concretion  is 
composed  of  a  succession  of  concentric  layers.  It  may  be  sup- 
posed the  carbonate  of  iron  moved  through  the  rock  in  a  state  of 
solution.  Arriving  at  its  place,  the  carbonate  was  precipitated. 
When,  at  some  later  time,  the  nodule  was  left  on  the  surface, 
exposed  to  the  air,  the  iron  on  the  exposed  exterior  united  with 
more  oxygen  and  became  a  peroxide,  causing  the  carbonic  acid  to 
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II'.  As  far  ns  tliis  sution  pcnetrutod,  a  rusty  shell  was 
■■il.  Doqtor  within,  tin-  original  condition  remained.  Thia 
•'  sliitc  iif  parlial  oliango  in  wliicli  we  find  it.  Now,  if  we 
in  <rorre(!tly,  t)u^  process  of  oxidation  is  continuing,  and  in 
iiiurse  of  tinit!  will  penetrate  to  tlie  t-eiitro.  Also,  as  the 
ilioti  lins  pi -net  rat  I'd  only  a  certain  distance,  our  thoughts  go 
ii)  till'  ooninirnceiiiput  of  tin;  process.  It  liad  a  beginning, 
liiat  was  iH'f  i-rri/  f<ir  back  in  Chne;  for  if  it  were,  the 
ilion  would  liiivu  rpjichud  to  the  centre  before  our  day. 
,  ir  wi!  nould  asuiTtitiii  how  many  yeara  have  bpen  required 
III'  nxiitution  to  penetrate  one  siKtcciith  of  an  inch,  we  could 
r  <:iLl(!nliil<'  how  long  since  the  work  began,  if  we  might 
lie  that  till-  progress  of  it  lias  been  uniform.  That  is,  the 
liiiiiiii  would  ."how  how  long  a  time  has  elapsed  since  those 
iirii'  L-vi'iits  t')ok  place  which  left  the  nodule  exposed  to  the 

,  as  w<;  shall  sue.  In  ferruginous  sandstone  quarries  we  oan 
_^  sometimes  observe  it  going  on. 

— -  - — ■ -■- —    ._-  A  freshly  exposed  surface  of  the 

_„__  — —-■_-  •  -—    formation    may    exhibit   a   rude 

,  L >^-f:,___^  . '  •  '.  concretionary  structure  extend- 

ing across  two  or  more  strata, 
~  ^T"     ^~"  ,.8  represented   in   Fig.  23.     As 

~~~~ — — ; — — ~; — ^^—       ilie  eoiicretionary  lines  cross  the 

■ii. -i'ii\Mif;TniNAnY  STiii'.TriiK     Huoa  of  St  rat  Ifi  cati  Du ,  they  are 

more    recent    than    they.      The 

i^'riiii'iu  <il'  ijic  material  must,  theivfore,  have  taken  plaoe  in 

<i>'/,'.      In  certniii  sandstones  some  of  tho  iron   bands  become 

>imrt/.()se  rocks  undergo  less  change  than  any  others  on  ex- 
rc  to  iho  weather.  They  make,  therefore,  extremely  durable 
fiit;/  stones.  Some  of  the  sandstones,  like  the  Ohio  and  Nova 
iu  /W'stoiies,  and  the  Connecticut  valley  "brown  stones," 
iTV  highly  osteenied.  Even  tiie  flinty,  quartzite  bowlders, 
;;,'ioris   wherR   other   good    building   stones   are  wanting,   an 
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sometimes  broken  up  and  dressed  into  shape  for  use  witli  other 
dressed  bowlders.  Much  sandstone  is  too  incoherent  for  building 
purposes,  and  other  sandstones  after  use  develop  rusty  stamSy 
through  the  peroxidation  of  the  iron  which  they  contain.  The 
disintegration  of  friable  sandstones  has  often  resulted  in  extensive 
beds  of  sand,  which  are  used,  as  well  as  the  drift  sand,  in  the 
preparation  of  mortar.  When  the  sand  is  white  and  quite  free 
from  iron,  it  is  employed  in  f/lass  maki?t(/.  Grindstones  and 
whetstones  are  made  from  fine  and  even-grained  sandstones. 
Scythe  stones  are  generally  made  from  a  fine-grained  mica  schist, 
of  whicli  we  shall  learn  hereafter.  Many  hones  are  formed  of 
fine  homogeneous  silicious  schist.  One  well  known  sort  comes 
from  Nova  Scotia;  but  the  favorite  hones  are  "Arkansas  stones." 
Others  are  made  from  novaculite.  These  are  some  of  the  common 
uses  of  quartzose  rocks. 

EXEIK'ISRS. 

Pick  out  from  this  coUeetiou  of  specimens  all  the  quarlzites.  Select  the 
vitreous  quartzites.  ScfMirate  the  granular  quartzites.  Indicate  those  some- 
what intermediate  in  structure.  Point  out  a  quartzose  vein.  How  does  a 
«andstoue  differ  from  a  quartzite?  Show  a  (luartzite  having  two  or  more 
varieties  of  quartz.  Point  out  a  jaspery  quartzite.  One  with  tourmaline. 
One  with  mica  scales.  One  with  a  little  fclds])ar.  Show  a  stratified  quartz- 
ite. How  does  this  dilfer  from  a  sandstone?  Exhibit  a  ferruginous  san<l- 
stone.  What  is  its  color?  What  does  that  color  result  from?  Show  an 
argillaceous  sandstone.  Find  some  concretionary  structure.  What  are  the 
colors  ill  it?  What  is  the  material?  Why  is  one  ferruginous  sandstone  yel- 
low and  another  red?  What  change  of  color  takes  place  when  the  yellow 
one  is  burned?  What  is  the  cause  of  the  change?  Why  are  (juartzose  rocks 
used  for  sharpening  purposes?  What  is  siind  paper?  What  is  emery  i)aper? 
Which  is  most  efficient,  and  why?  What  is  a  razor  stone?  Indicate  souie 
building  in  which  sandstone  is  used.  For  what  parts  is  it  used?  Whence 
was  it  obtained?  State  what  defect  is  liable  to  appear  in  a  sandstone  used  in 
building.  Why  do  defects  reveal  themselves  after  the  stone  is  Ijuilt  in,  and 
not  previously?  What  are  flagstones?  Mention  a  locality  which  affords 
good  flagstones.  What  defects  sometimes  appear  in  flagstones  after  use? 
What  is  the  cause  of  stains?  Why  do  portions  scale  off?  Why  do  flag- 
stones sometimes  break  through  the  middle?  Do  the  cracks  generally  run 
with  the  walk,  or  across  the  walk?  What  does  this  indicate?  How  are  arti- 
ficial flagstones  made?     What  is  a  chalcedonic  quartzite?    A  tourmalinic 
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(jiiHrtzile'i     liet  two  students  have  Ihe  tusk  iif  ('<jll«iutiiiK  nil  [UWiiblc  varietiei 
of  qiiartgose  rocks,  cotlecling  for  some  weeks,  h  opportimjtr  oITers. 

STUnV    X.— ,V"»v<™«««,  AmphihoUt;  .U..I  P>/n..tY,ur  iiockn. 
I.    Hicaceoue  Rocks. 

No  biiwliiers  are  iiliire  uliuuilant  tliun  llmsi^  coutniiiiiig  luica. 
Oil  every  liand  its  glistening  scales  ntny  br>  seen  refleotinj^  (ha 
sunlight.  It  exists  in  &lt  projtortiotm  from  the  scntti^red  svules 
which  characterize  b  micaceous  sandntono  or  ({iiart^ito  to  such 
quantities  na  make  it  determinative  of  the  char&ctor  and  name'  of 
the  rock.  When  a  quartzite  oontaiiia  as  uiiwli  aa  tweuly-tivo  per 
cent  of  mioa,  it  forma  tht?  rock  known  as  j/tvineH  ({ironounced 
ffri'sen). 

We  may  reluni  now  to  the  sumi-  epneiniene  ost-d  when  study- 
ing dark-colored  minerals.  Here,  besides  the  mioa  apparent  in 
certain  of  ihem,  we  notice  one  or  more  light-oolored  sort*,  ts 
either  of  them  quarts?  Teat  its  hnnJness.  Is  i-lther  uf  tlivin 
feldspa.r':'  Remeinher,  you  determine  this,  first,  by  hardness 
inferior  to  quartz,  and  superior  to  oalcite;  second,  by  its  eumo- 
what  pearly  instead  of  glaHsy  lustre;  and  (liirJ,  by  its  retleotin|f 
cleavage  faces,  which  do  not  oceur  in  ([uarti!.  If  you  are  cer- 
tain we  have  in  this  rock  qUHrtx,  feklspar,  anil  mi<'a,  each  in 
considerable  abundance,  and  no  other  mineral  in  much  abun- 
dance, then  the  rock  is  ffninite,  if  it  is  massive  or  unstraiified; 
but  if  it  be  thick-bedded,  the  rook  is  fftms»  (pronounced  gtiiee). 
If  it  is  thin-bedded,  with  a  large  percentage  of  feldspar,  It  is  aliio 
gneiss;  but  generally,  when  thin-hedd^d,  the  percentage  of  feld- 
spar in  rather  small;  the  rock  is  composed  chiefly  of  mica  and. 
ijuartz.  and  is  called  miea  nchiat.  In  all  thexe  locks  the  miec 
may  be  of  any  species,  and  so  of  the  feldspar  also. 

The  proportions  of  these  coiistiluonts  of  granite  and  gneisa 
nniy  vary  to  a  great  extent,  and  in  this  the  general  complexion  of 
ihe  rock  may  vary.  We  have  very  light  granites  and  quite  dafk 
granites.  Besides  this,  the  colors  of  tlie  quarlx  may  vury,  as  well 
as  thoae  of  the  feldspar.     If  either  the  qnarW  or  thi-  feldspar  t». 
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quite  red  and  is  abundant,  while  the  mica  is  subordinate,  then  we 
have  a  decidedly  reddish  granite.  The  rock  may  also  vary  in 
fineness.  Fine  granites  are  most  durable  for  building  stones. 
Sometimes  you  find  great  crystals  of  feldspar  or  great  flakes  of 
mica,  giving  you  the  constituents  of  granite,  but  scarcely  sufli- 
oiently  mixed  to  form  a  proper  granite. 

Some  recent  lithologists  do  not  separate  granite  from  gneiss; 
and  it  is  certainly  difficult,  sometimes,  to  decide  from  a  hand 
specimen,  whether  the  rock  is  stratified  or  not.  We  can  only  say 
that  if  the  different  minerals  are  equally  distributed,  the  rock 
may  be  pronounced  massive;  but  if  the  mica  is  ranged  across  the 
stone  in  bands,  however  indistinct,  we  may  set  the  rock  down  as 
stratified.  But  these  bands  and  the  intervening  feldspar  or 
quartz  must  not  be  regarded  as  beds  or  strata.  Tliey  are  only 
laminae.  They  may  be  of  any  thinness  without  making  a  thin- 
bedded  rock.  True  beds  are  marked  off  by  partings.  The  beds 
in  a  gneiss  may  be  one,  two,  or  eight  feet  thick,  each  marked  by 
thin  laminse. 

Now,  here  is  a  rock  —  a  very  common  one,  too  —  in  which  very 
little  mica  can  be  found.  It  is  simply  quartz  and  feldspar.  We 
shall  call  this  rock  granulite,  if  it  is  massive,  and  (jranxdite  gneiss 
if  it  is  thick-bedded.  Some,  not  regarding  mica  a  necessary  con- 
stituent of  gneiss,  call  this  proper  gneiss;  and  then  as  a  difference 
of  composition  needs  to  be  indicated  some  way,  they  call  this 
**  binary  gneiss."  We  shall  use  terms  uniformly  as  first  explained. 
If  the  bedding  becomes  thin,  the  rock  becomes  'a,  (/ramdlte  schist. 
Then,  if  the  feldspar  fails,  the  rock  is  simply  a  quartzose  schist. 
We  study  these  granular  quartz-feldspar  rocks  here,  because  they 
sometimes  contain  a  little  mica,  and  are  alwavs  associated  with 
xnioaceous  rocks,  and  behave  like  them. 

You  will  recall  that  altered  product  hydromica.  This  gives 
us  a  series  of  rocks  parallel  with  that  afforded  by  mica.  Hence 
we  have  hydromica  (frcmite,  hydromica  gneiss  and  hydromica 
schist.  Some  hydromica  schists  are  very  fine-grained  and  homo- 
geneous, having  a  bluish -gray  color. 

Any  of  these  rocks  are  liable  to  contain  accessory  minerals. 
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Garnets  very  often  occur  in  gneiss  and  mioa  ■ohist.     Other  fre* 
quent  minerals  are  tourmaline,  epidote,  chlorite,  and  andaliurite* 

II.    Amphibolic  and  Pyroacenio  Bocks. 

The  foregoing  are  the  rocks  resulting  in  case  the  dark  mineral 
in  our  hands  is  mica.  But  taking  another  specimen,  in  which  the 
dark  mineral  is  not  mica,  we  have  to  consider  whether  it  is  horn- 
blende or  augite.  It  is  probably  one  or  the  other,  if  the  mineral 
is  constitutive  —  that  is,  suflSciently  abundant  to  give  character 
to  the  rock.  Is  the  dark  mineral  hornblende  ?  Well,  if  we  have 
only  quartz  with  the  hornblende,  the  rock  is  a  horhblendie  quaftif- 
ite,  if  massive  or  thick-bedded,  and  a  hornblende  eehi^  if  thin'^ 
bedded  —  whether  a  little  feldspar  is  added  or  not.  Bat  if  the 
rock  is  almost  wholly  of  hornblende,  it  is  called  hornblende  roek 
or  (imphibolite.  Sometimes  such  a  rock  is  extremely  fine-grained 
—  cryptocrystalline —  and  it  is  then  one  of  the  varieties  of  apA- 
aiiite. 

If,  however,  we  have  quartz  and  feldspar  with  the  hornblende^ 
the  rock  is  st/enite^  if  massive  —  named  from  Syene  in  Bgypt^ 
where  the  same  species  of  rock  was  quarried  by  the  B!g;yptiana 
centuries  ago.  As  in  the  micaceous  series,  the  rock,  if  thick- 
bedded,  is  gneissoid;  but,  as  it  has  not  the  composition  of  simple^ 
gneiss,  we  will  designate  it  syenitic  gneiee.  Similarly,  if  the 
rock  is  thin-bedded,  we  will  call  it  hornblende  eehiet.  H  from 
syenite  the  quartz  disappears,  the  rock  becomes  hypoeyenUe  if 
the  feldspar  is  orthoclase. 

Many  writers  apply  the  name  granite  to  syenite  and  byp<K 
syenite;  and  some  use  the  single  term  gneiss  for  these  aod  the 
true  gneiss.  If,  however,  rocks  are  to  be  distinguished  by  their 
mineral  composition,  and  terms  are  to  be  employed  to  ezpreaa 
distinctions,  there  appears  no  good  reason  for  suppressiDg  the 
terms  "syenite,"  "syenitic  gneiss"  and  "granite,**  from  the 
nomenclature  of  so-called  metamorphic  rocks,  or  those  in  which 
the  crystallization  is  a  secondary  result,  in  distinction  from  erup- 
tive rocks.  We  shall  employ  the  terms  uniformly  as  indicated 
above. 
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You  must  have  remarked  the  great  resemblance  between 
granite  and  syenite,  especially  when  the  grains  of  the  black  min- 
eral are  very  small;  more  especially  if  it  is  black  mica  which  has 
begun  to  lose  its  lustre  by  absorption  of  water.  In  your  visit  to 
the  stone-cutter,  you  found  him  calling  them  all  "  granite,"  but 
many  reputed  granites  are  more  accurately  syenites.  "  Scotch 
granite  "  is  a  syenite  containing  much  red  orthoclase.  Most  oi 
the  so-called  granites,  from  Maine  to  Massachusetts,  are  syenites. 
The  Quincy  granite  is  a  syenite.  The  capitol  at  Albany  is 
chiefly  syenite.  In  fact  the  great  masses  of  crystalline  granitoid 
rocks  in  the  northwest,  as  well  as  New  England,  are  chiefly  syen- 
ites instead  of  granites.  But  good  granites  occur  among  our 
bowlders,  and  we  shall  certainly  secure  specimens.  The  "  Obe- 
lisk,'' in  New  York,  is  a  micaceous  syenite  rich  in  feldspar  and 
with  relatively  large  crystals  of  hornblende  greatly  subordinate 
to  the  mica.  The  Mormon  Temple,  at  Salt  Lake  City,  is  the 
same  but  finer. 

But  what  are  these  granite-like  rocks  which  contain  no  quartz? 
We  have  handled  many  a  specimen.  Here  is  one  composed  of 
hornblende  and  orthoclase.  Some  call  it  simply  "granite"; 
some  "syenite";  some  "quartzless  syenite";  others,  hyposyen- 
ite.  We  shall  avoid  confusion  and  promote  convenience  by 
using  the  latter  name.  But  here  is  another  rock  in  which  the 
feldspar  is  striated  —  it  is  triclinic,  or  plagioclase.  Hornblende 
and  a  plagioclase  have  generally  been  called  dlorite^  if  the  rock 
is  granite-like  in  texture.  But  we  have  to  be  a  little  more 
precise.  There  are  several  species  of  plagioclase.  There  is 
one  group  of  them  which  is  acidic,  like  albite  and  oligoclase, 
having  a  large  percentage  of  silica  (see  Table);  and  another 
group  which  is  basic,  having  less  silica.  Now  we  had  better 
restrict  the  term  diorite  to  mixtures  of  hornblende  and  an 
acidic  plagioclase.  Then  mixtures  of  hornblende  and  a  basic 
plagioclase,  like  labradorite  and  anorthite,  will  be  called  7iorite 
(called  also  gabhro  by  some,  but  this  name  is  used  in  various 
senses).  Some  mica  is  often  present  in  these  two  species  of 
rocks;  but  the  mica  in  diorite  is  generally  light  colored  (musco- 
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vite),  while  iluit  in  iKirito  is  blnok  (hiolit«).  Borne  (juartl, 
may  be  present  in  iliorite,  aiiil  then  it  is  called  quartz  4ioritt. 
Accordingly,  if  we  have  k  rtick  containing  )i or ti blend (^  and  a 
plagioclase  we  may  consider  the  plagioclase  acidio,  if  quartz  or 
light  inica  is  present;  and  hanir,  if  no  quarlz  is  present,  anil 
especially  if  some  black  mica  is  prewftil.  In  the  former  cnai'  the 
rock  is  diorito;  in  the  lattnr,  nnnte.  DIoHtos  and  norites  pre- 
sent all  degrees  of  fineness;  and  when  tbey  arc  too  fine  for  the 
constituent  minerals  to  be  seen  with  a.  magnifier,  the  texture  is 
microcrystalliiie  or  rryptoeri/ttaUiiie  —  X\\k  latter  term  deuoting 
a  finer  texture  than  the  former.  The  rock  is  then  a.  vsrioty  ot 
apliiniite  —  another  variety  being  almost  puri>  hornblende.  Bed- 
ded aphanite  is  itphnnite  »chi»t. 

But  sup])n.so  ihe  dark  mineral  in  a  quartzless  granite-like  rook 
proves  to  be  iiugile  instead  of  hornblende.  Now  we  may  remem- 
ber that  augit.',  us  a  baaiu  mineral,  likes  to  associate  with  bssio 
feldspars.  Therefore  \n  this  oasc  the  feldspar  is  basie;  tliat  in, 
it  is  not  orthoclase  nor  ,an  acidic  plagioctssc;  it  is  probably  a 
basic  plagioclaso  like  labradorite  and  anorthite.  Now  aujipta 
and  a  basic  plagioclase  form  norite  and  diobase.  (For  jiarticulars, 
sec  Table,  Study  XIV.)  Uocasionully,  however,  we  find  «ugit» 
with  an  acidic  plagioclase,  like  oligoclnse;  bnt  for  this  we  have  nO' 
different  name;  it  is  a  section  of  diabase.  Bnt  wo  do  not  find 
au^rite  with  acidic  orthoclase.  Remember  then:  If  you  liava 
determined  augite,  the  feldspar  with  it  is  &  plagioolase  and  proba> 
bly  a  basic  phigioclase. 

When  any  of  the  foregoing  roeks  present  themselves  in  i' 
t!iit;k-bedded  condition,  they  are  gneissoid;  and  for  their  desorip- 
titin  we  may  employ  the  terms  /ij/posyenits  gneiss,  diorite  gneiat^ 
ii'irite  gneiss,  and  diabasg  ifiieisa.  Similarly,  any  of  these  may 
also  present  a  schistose  structure;  but  it  is  not  to  be  ceitainl^ 
concluded  from  this  structure  that  such  rocks  have  had  a  sedi- 
mentary origin,  like  common  stratified  rocks.  That  ia  still  M- 
question. 

The  rocks  in  the  quartzlt^ss  series  are  generally  dark-ooloredV^ 
but  not  always.     We  may  have  a  white  plagioclase  in  great  abun^' 
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dance,  and  but  little  hornblende  or  augite.  The  mixture  of  light 
and  dark  minerals  results  in  a  mottled  or  speckled,  or  "pepper- 
and-salt"  appearance. 

The  rocks  which  wc  have  been  considering  illustrate  well  the 
principles  of  mineral  association.  The  companions  of  quartz  are 
mica,  orthoclase,  and  hornblende  —  not  plagioclase  (except  albite) 
and  augite.  The  companions  of  augite  are  the  more  basic  pla- 
gioclases.  Hornblende  prefers  biotite  to  muscovite;  but  not  al- 
ways. Thus  biotite  is  found  with  basic  plagioclase  in  noritc, 
while  the  more  acidic  muscovite  is  found  with  tlie  acidic  plagio- 
clase in  diorite. 

EXERCISE. 

What  is  lacking  in  greisen  to  make  it  granite?  What  is  lacking  in 
granulite  to  make  it  granite?  What  would  result  from  uniting  grois<Mi  and 
granulite?  What  should  we  name  an  unst ratified  rock  composed  of  quartz, 
feldspar,  mica,  and  a  little  hornblende?  What,  if  it  is  quartz,  feldspar,  and 
hornblende  with  a  little  mica?  If  we  have  quartz  and  feldspar  together  with 
a  non-micaceous  dark  mineral,  what,  probably,  is  the  latter?  If  we  have 
quartz,  muscovite,  and  a  feldspar  together,  what,  probably,  is  the  feldspar? 
If  we  have  quartz,  hornblende,  and  a  mica,  what,  probably,  is  the  mica?  If 
we  have  plagioclase  and  a  mica,  is  the  latter  likely  to  be  light  or  dark 
colored  ?  Suppose  the  muscovite  of  a  granite  changes  to  hydromica,  what 
does  the  rock  become?  If  the  pyroxene  of  a  diabase  changes  to  liornblcnde, 
what  does  the  rock  become?  If  the  quartz  disappears  from  syenite,  what 
does  the  rock  become?  What  cliange  would  convert  hyposyenitc  to  diorite? 
What  would  convert  diorite  to  diabase?  What  would  convert  diabase  to 
norite?  What  are  the  uses  of  syenite?  Which  is  most  durable,  syenite  or 
granite?  Syenite  or  diorite?  Coarse  or  fine  granite?  A  basic  or  an  acidic 
rock?  Which  weathers  most  rapidly,  feldspjir  or  quartz?  Name  several  dif- 
ferent varieties  of  granite.     Wliat  does  feldspar  become  on  decomposing? 

Suggestion. — The  varying  composition  of  the  granular  rocks  thus  far 
studied  furnishes  an  interesting  opportunity  for  a  geological  game.  Prepare 
a  quantity  of  cubical  blocks  of  hard  wood,  half  an  inch  or  so  in  diameter. 
To  a  number  of  these  attach  tickets  bearing  tlie  name  of  Quartz.  To  others 
attach  tickets  bearing  the  names  of  the  other  minerals  occuring  in  the  granu- 
lar rocks.  Then  select  two  or  three  minerals  (blocks),  and  lay  them  side  by 
side,  and  see  which  one  of  a  comf)any  can  soonest  tell  what  rock  they  repre- 
sent. Let  some  umpire,  with  a  supply  of  checks  of  any  kind,  supply  the 
quickest  correct  respondent  in  each  case  with  a  check.  When  a  given  sup- 
ply of,  say,  fifty  checks  is  thus  exhausted,  let  the  number  in  each  individual's 
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pos.st'ssion  be  counted,  and  let  the  one  having  most  checks  be  declared  the 
winner  of  the  game.  On  the  same  or  future  occasions  other  games  may  l)e 
played,  and  tlie  first  to  win  ten  games  may  be  declared  entitled  to  a  prize  — 
whatever  may  be  agreed  upon  and  provided  beforehand.  In  case  of  appeal 
from  tlie  decision  of  the  umpire,  reference  may  be  made  to  one  of  the  tables 
beyond.  This  suggestion  relates  thus  far  to  massive  granular  rocks.  But 
when  it  ))e('onies  desirable  to  make  the  game  a  little  more  difficult,  the  re- 
splendent may  l)e  required  to  state  also  what  the  rock  would  be  if  thick- 
beddi'd,  and  what  if  thin-bedded.  The  following  minerals  are  suggested  to 
begin  with  :  quartz,  orthoclase,  acidic  plagioclase,  basic  plagioclase,  musco- 
vite,  l)iolite,  hornblende,  augite,  Udc,  chlorite. 


STLIjY  XI.  —  FelsitlCy  Hydrous- Magiiesian^  and  Aluminous 

Rocks. 

I.    Felsitic  Rocks. 

We  have  picked  up  from  time  to  time  various  round,  smooth, 
and  exceedingly  fine-grained  bowlders,  to  which  we  ought  now  to 
(liiect  our  attention.  Wiiile  the  rocks  which  we  have  heretofore 
studied  are  sullieiently  coarse-grained  to  enable  us  to  inspect  their 
mineral  constituents  with  the  nakecleye,  or  at  least  with  a  pocket 
lens,  these  are  too  fine  for  that  method  of  study.  The  former  are 
pJi(iHtr(K'ri/Malluie  ;  these  are  'inlcrocrystalllne  or  cryptocrystaU 
line,  and  tlieir  texture  can  only  be  seen  under  a  compound  micro- 
scope })y  the  use  of  tliin,  transparent  sections.  Their  composition 
nniy  also  l)e  learned  through  cliemical  analyses.  But  we  do  not 
pr()j)ose  to  resort  to  either  of  tiiese  methods.  We  must  simply 
see  wliat  can  be  done  without  them. 

We  can  at  least  distinguisli  colors.  Let  us  separate  the  black 
and  green isli-black  specimens  from  those  of  other  colors.  These 
are  chiefly  (tp/nontes ;  and  we  have  studied  them  in  connection 
with  other  rocks.  Some  of  them  can  be  slightly  scratched,  while 
others  are  as  hard  as  orthoclase.  The  former  are  composed  chiefly 
of  hornblende,  and  might  be  styled  aphanitic  amphiholite^  or 
(litiphUtoUc  (ipJianite.  Tliese  which  are  so  flinty  in  hardness 
evidently   contain   quartz    in    intimate   union   with   a  dark   min- 
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eral.  The  principal  dark  minerals  are  hornblende,  augite,  and 
labradorite.  But  quartz  and  labradorite  have  little  to  do  with 
each  other ;  and  of  the  other  two,  quartz  prefers  hornblende. 
We  may  presume,  therefore,  that  this  flinty  aphanite  contains 
quartz  and  hornblende.  But  as  quartz  and  hornblende  do  not 
much  associate,  except  in  company  of  an  acidic  feldspar,  we  may 
further  conclude  that  the  real  mineral  constituents  of  this  apha- 
nite are  either  hornblende,  quartz,  and  orthoclase,  or  hornblende, 
quartz,  and  albitc  or  oligoclase.  Now,  the  former  triplet  gives  us 
9yenitic  aphanite^  and  the  latter,  dioritic  aphanite.  This  reason- 
ing is  validated  by  the  other  modes  of  study. 

Now  let  us  take  up  the  microcrystalline  specimens  which  pre- 
sent whitish,  grayish,  and  reddish  colors.  Give  attention,  first, 
to  those  of  nearly  uniform  color.  We  shall  be  able  to  conclude, 
after  carefully  testing  the  different  specimens,  that  they  differ 
slightly  in  hardness,  like  the  aphanites.  If  we  can  make  a  dis- 
crimination of  this  kind,  let  us  take,  first,  the  hardest.  Now, 
these  are  as  hard  as  quartz,  and  there  is  no  mineral  but  quartz 
which  is  likely  to  be  abundant  enougii  to  supply  tiiese  rocks. 
But  these  are  not  pure  quartz  ;  they  have  not  the  glassy  lustre 
of  quartz.  They  do,  indeed,  suggest  the  jaspers,  but  there  is  an- 
other alternative  :  they  may  contain  feldspar,  intimately  mixed 
with  the  quartz.  But,  as  before,  it  must  be  an  acidic  feldspar  — 
probably  orthoclase.  Now,  other  examinations  corroborate  this 
induction.  This  is,  then,  simply  a  flinty,  amorphous  feldspar.  It 
has  received  the  name  petrosilex,  sometimes  also  known  as  /uil- 
leflinta^  or  false  flint  (Swedish,  pronounced  nearly  helJffllnta). 

Taking,  next,  the  reddish  or  whitish  specimen,  we  find  that 
it  has  the  hardness  and  lustre  of  feldspar,  though  it  shows  no 
cleavage  faces.  We  can  do  no  more.  It  seems  to  be  a  compact, 
amorphous  feldspar.  Other  invostigations  show  it  to  be  chiefly 
a  plagioclase.  It  is  called /e/.seVc.  Petrosilex  is  siUo/'clsitic,  and 
by  some  is  not  separated  from  felsite. 

Let  us  now  give  attention  to  the  specimens  separated  as  not 
having  homogeneous  colors.  Our  notice  is  at  once  attracted  by 
the  fact  that  they  consist  of  a  flne,  homogeneous  base  or  matrix^ 
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I  wliiuh  othpr  nimerals  aro  imbedded.  ISj'  testing  for  hfti 
s  hi'fore,  we  find  that  lliia  base  by  itself  is  sametiinos  a  felsitc, 
rid  sometimes  a  iietrosilex.  Without  regard  to  this  distinction, 
;t  us  study  the  imbodded  minerals.  In  one  speoimeti  they  are 
It'arly  crystals  af  feldspar.  Now,  crystals  of  any  kind,  imbedded 
1  ;i  homogeneous  fcldapatliic  matrix,  form  o.  porpkyritic  toq^l. 
'his  is,  thee,  a  porphyritic felfite,  and  this  porphyritio  rock  ia 
lie  typical  porphyry.  Notice  the  tmlors  —  reddish  or  grayitih 
asc,  with  white  oryatala  imbedded. 

If  we  find  imbedded  crystals  or  fragments  of  ijimrtx,  thn  rock 
i  ;i  'J uarti porphyry ;  and  if  wp  find  rounded  pebblps  thus  imhed- 
cd,  the  rock  is  a  nonghmorate  porphyry.  This  unusual  vari- 
ty  of  porphyry  wo  ahall  probably  not  inent  with.  It  forma,  iinw- 
ver,  the  porphyry  point  at  Murblehead,  MaBsaohusetts.  Other 
porphyries  may  bo  soen  at  Lynn 
and  Nahant,  and  they  are  very 
ooininon  around  the  shores  of  Lake 
Superior.  (See  Fig.  8.)  Other  kinds 
of  rocks,  also,  besidiis  fulsitea,  are 
nfton  found  porphyrilic.  Figure 
34  shows  a  porphyritio  granils. 


II.     HjrdrouB-llEagneaiaii  Rocks. 

Let  ua  now  direct  attOJition  to  the  Hydroua-MBgne§ian  Kocks, 
These,  as  will  be  inferred,  are  cheracterized  by  tlie  pres6nG«  of 
Iho  hydrous-magnesian  minerals.  If  you  turn  to  the  table  o( 
composition  of  minerals,  on  puge  -10,  you  will  perceive  that  all 
tiiese  minerals  range  low  in  respect  to  hardness.  They  miisti 
tlLerefore,  impart  a  moderate  hardness  to  the  rooks.  You  will  no- 
tice further  that  they  arc  less  rich  in  iron  than  the  dark-oolored 
Liiinorala,  Hence  the  rocks  which  they  form  will  be  of  light  ool- 
(irs  and  of  low  spooilic  gravity.  Now,  in  consequence  of  thtfl 
cumparative  softness,  we  cannot  expeot  bowlders  of  these  roolu  to 
jmvi-  lasted  through  the  wear  and  tear  of  geologic  lime,  like  Uw; 
buwMers  of  harder  rocks.     For  these  reaaona  the  student  1 
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have  to  depend  partly  on  descriptions.  Still,  there  are  some 
of  this  class  which,  from  the  quartz  contained,  have  lasted  to  our 
time.  One  of  these,  protogine^  consisting  of  quartz,  feldspar 
and  talc,  in  a  massive  state,  is  not  often  met  in  this  country  ;  but 
it  forms  the  central  mass  of  the  high  Alps  of  central  Europe,  and 
rounded  masses  are  often  seen  borne  to  the  lower  levels  by  gla- 
ciers. Protogine  occurs  sparingly  in  the  northwestern  states. 
In  bedded  conditions  it  gives  us  protofjine  gneiss  and  jyrotogine 
schist.  The  last  is  not  essentiallv  different  from  talcose  schist. 
The  latter,  however,  as  we  actually  find  it,  consists  almost  wholly 
of  minute  folia  of  talc.  It  is  a  rare  rock,  though  occurring  near 
Marquette,  Mich.,  at  various  localities  in  northern  New  York, 
and  in  other  regions.  But  it  must  no  longer  be  confounded  with 
the  sericite  schist,  or  hydromica  schist,  which  was  till  recently 
mistaken  for  talc  schist. 

Every  one  is  acquainted  with  the  so-called  *'  soaj)stone  "  grid- 
dles, and  the  slabs  of  "soapstone"  used  for  foot-warniers  —  their 
power  of  retaining  heat  being  very  great.  This  soapstone  is  the 
steatite  of  the  geologist,  and  consists  essentially  of  grayish,  com- 
pact, amorphous  talc.  It  is  soapy  to  the  feel,  and  is  easily  cut 
with  a  knife.  When  quite  pure  it  is  milk  white,  and  forms  the 
article  known  as  "  French  chalk."  The  uses  of  steatite  are  quite 
numerous.  Slabs  of  it  are  employed  for  Hre  stones  in  furnaces 
and  in  stoves.  The  fine-grained  varieties  are  carved  into  orna- 
ments. Inkstands  are  often  made  from  it,  especially  the  white 
variety.  Ground  steatite  is  em])loyed  for  diminishing  friction, 
and  the  manufacture  of  porcelain  and  tlie  removal  of  oil  stains 
furnish  other  uses.  The  so-called  "  soapstone"  of  tlie  artesian 
well-borer  is  merely  an  unctuous,  partially  indurated  clay. 

Next,  there  are  the  chloritic  rocks.  (.Vdorite  schist  occurs  in 
the  mining  regions  of  Lake  Superior.  It  is  a  dark-greenish, 
greasy  looking  rock,  in  which  chlorite,  in  closely  aggregated  or 
interwoven  folia,  is  the  chief,  sometimes  nearly  the  sole,  constitu- 
ent, while  quartz  is  generally  the  princi])al  ground  mass.  Tlie 
feldspars,  however,  enter  into  this  schist  in  about  the  same  pro- 
portions as  in  mica  and  hornblende  schists.     By  increase  of  the 
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fi'Mspar,  aitoiiipaiiieU  hy  a  livavier  bedding,  lid*  schist  graduatuH 
ittto  rldoritlr  •jnel«».     In  the  opposite  dirootion  it  gntdualos  itiUi 

rhlorite  eliiti;  a  line  »,lat_v  rock,  containing  aoint-  aluminous  mat- 
ter.     A  rock  compOBfil  inoBtly  of  clilorile  is  cnllwi,  also,  r/i/orite 


ni.  Ail 


Paasinjf  to  nluminoiis  nx-ks,  we  have  firet  the  line  white  slate, 
cimipased  of  pyroplivllite,  and  having  tlio  softness,  appearance 
and  snapy  fed  of  th«  lalausu  rooks,  anil  ktiown  as  pyrt^liylUt4t 
nhilf.  It  occurs  in  placo  in  North  Carolina,  and  oue  o(  the  va- 
rieties is  employed  in  making  slate-pencils.  But  the  grcatar 
number  of  alumiiioHs  rocks  are  characterized  by  a  r/iti/ry  constitu- 
ent, the  basis  of  which  ia  kaoHnitc.  When  the  material  is  utt- 
cnnsolidatt^il  and  uomparalivcly  puru,  it  forms  kaolin,  extensivt-ly 
used  in  porcelain  making.  When  mixed  with  various  impurities, 
mid  more  or  less  silicJi,  it  constitutes  common  ciny.  This  ia  some- 
times dark,  or  even  black,  from  the  abundance  of  iiarbonaceoua 
matter.  It  is  sometimes  reddisli,  bluiah  or  whitish,  depending  on 
purity  and  the  nature  of  the  impurities.  The  burning  of  clay 
not  only  hardens  it,  but  generally  imparts  a  reddish  oolur, 
through  tJie  peroxidation  of  the  iron.  If,  howeter,  the  iron  ex- 
ists as  a  silicate,  no  reddening  takes  place.  This  is  the  chanioter 
of  the  "  Milwaukee  briok,"  so-cAllud;  lliough  this  sort  o£  clay  is 
extensively  diulributed  tbruuglumt  the  hike  region,  J-Hre  elay 
is  a  clay  free  from  iron,  lime  or  other  substance  which  would  pro- 
mote fusion;  and  is  therefore  capable  of  resisting  inlenati  hB«t. 
It  generally  contains  much  arenaceous  matter,  wldeh  prevents 
shrinkage  and  warpiug  of  the  firebrick. 

AVhen  clay  with  more  or  less  arenaceous  or  silicious  matter 
has  become  somewhat  indurated,  it  assumes  the  character  of  a 
s/i'ik,  a  rock  which  easily  splits  into  somewhat  even  flaki»,  and 
presents  maiiy  varieties  In  composition  nnd  color.  Perhaps  the 
most  accessible  examples  are  the  dark  shale  fragments  often 
found  mixed  with  our  supply  of  coal.  Moat  shales  are  dark,  and 
mRnvarep^en   bUck,  from   the   abundance  of  carix 
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ter  contained  in  them.  The  carbon,  under  such  conditions,  pos- 
sesses a  strong  predisposition  to  unite  with  hydrogen  and  pass 
into  bitumen. 

When,  finally,  the  clayey  rock  has  been  firmly  hardened,  it 
constitutes  argillite  or  clay  slate,  called  sometimes  phylllte.  In 
color  it  is  bluish,  whitish,  reddish  or  greenish.  It  splits  into  thin, 
even  layers,  and  is  extensively  employed  for  roofing  and  for  writ- 
ing slates.  Argillites  are  almost  niicrocrystalline;  but  in  some 
cases  we  find  them  graduating  into  a  very  fine  mica  schist  or 
hydromica  schist;  and  in  others,  by  a  large  accession  of  extremely 
fine  arenaceous  matter,  they  become  novacuUte  or  "  oil-stone." 

EXERCISKS. 

How  does  petrosilex  differ  in  composition  from  felsite  proper?  How 
does  it  differ  from  aphanite?  What  is  the  difference  between  a  i)orphyritic 
granitic  and  a  granitic  porphyry?  Which  is  most  basic,  felsite  proper  or 
petrosilex?  What  is  the  difference  l^tween  kaolin  and  felsite?  What  is  the 
effect  of  intense  heat  upon  clay?  What  is  the  effect  on  kaolin?  Give  an  ex- 
ample of  burned  kaolin.  Is  it  opaque  or  translucent?  IIow  miglit  it  have 
been  made  more  translucent?  What  is  the  difference  between  porcelain  and 
felsite?  Which  contains  most  alkali,  kaolin  or  orthoclasc?  What  causes 
burnt  clay  sometimes  to  >)e  vitrified?  What  kind  of  day  would  not  vitrify? 
What  are  unvitrifiable  clays  used  for?  Wliat  is  the  effect  of  limestone  peb- 
bles in  brick  clay?  What  causes  some  bricks  to  •'  slack  '"?  What  causes  the 
dark  color  of  aphanite?  What  causes  its  hardness?  If  tho  liornblende 
should  be  removed  from  dioritic  aphanite  what  would  it  become?  What  is 
the  difference  between  pyrophyllite  slate  and  talcose  slate?  Between  talcose 
slate  and  steatite?  Between  protogine  and  granite?  Between  sj-enite  and 
augite-syenite?  What  class  of  crystalline  rocks  is  not  likely  to  be  found  as 
bowlders?  Why  not?  Why  are  bowlders  predominantly  quartzose?  Men- 
tion four  or  more  different  rocks  or  minerals  used  for  making  colored 
marks.     What  change  must  be  made  to  convert  norite  into  diabase? 


STUDY  X\l.— Calcareous  Rocks, 

Let  us  get  together  samples  of  the  common  rocks  which 
effervesce  on  the  application  of  acid,  with  or  without  heat. 
They  are  composed  essentially  of  calcite  and  dolomite.     We  oh- 
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tain  them  at  tin-  stune  ciutter's,  from  broken  articlea  i 

from  amon^i;  certain   building  materials,  and  occasionally  among 

surface  bowlders.      If  any  liineBtone  or  marble  ledges  exist  in  llie 

vicinity,  we  shall,  of  course,  obtain  specimens  from  the  rocUs  in 

pkc. 

With  our  ftsaortment  before  us,  we  notioe  at  once  that  some 
of  the  specimens  are  brighter  and  more  lustrous,  others  are  duller 
and  more  earthy.  The  former  are  oyatalHnc,  the  latter  unerystul- 
line.  The  former  are  purer,  the  latter  have  admixtures  of  vari- 
ous accessory  iii^FedienlH.  The  former  wo  call  warblee;  the 
latter,  limestones.  The  niarlfles  are  thiuk-bodded  and  have  hard- 
ness and  homogeneity,  and  freedom  from  liraeks  and  cavities. 
They  can  bo  cut  and  polished,  The  limestones  are  thick-  or  thin- 
bedded;  bt)t  they  are  not  homogeneous,  and  generally  contain 
fissures  and  cavities.  They  cannot  be  advantageously  cut  into 
slabs  and  polished.  Some  limestones,  however,  without  being 
crystalline,  are  sufficiently  thick-bedded  and  homogeneous  to  be 
sawed  and  polished;  and  when  they  contain  many  fossil  shells, 
encriiiites  or  corals,  the  polished  surfaceit  arc  handsome.  Such 
marbles  am  known  as  shell  marble. 

Of  the  crystalliue,  heavy-bedded  marbles  we  have  endless  va- 
rieties  of    color  and    texture.      The   granular,   white    sorts   are 
called  aaw/inroidat.     Finn  whitp,  GVon-griiinod  sorts  are  atata- 
ary  niurble,  of  which  the  most  celebrated  quarries  are  (he  Pa- 
rian and  Pentelican,  in  Greece,  and  those  of  Carrara,  in    Italy, 
By  the  dissemination  of    streaks  of  aluminous  matter,  dowiwt  j 
iiutrlAea   are    produced,   which    are    common    in   Vermont.       An  I 
abundance  of  bituminous  matter  makes  a  black  or  ISg<jptian  mar" 
ble  which  also  occurs  in  Vermont.     It  may  be  varied  with  lighter  J 
matter.     Some  good  marbles  are  calcareous  conglomerates.     A.  1 
much  admired  sort  is  quarried  in  eastern  Tc^nnessee,  and  is  used'  1 
for  pillars  in  public  building.     Verd  antique  marble  is  a  daric^ 
greeli  serpentine  clouded  aild  varied  with  lighter  calcite. 

Of  the  unerystalline,  lustreless  limestones  wo  find  also  endlewj 
varieties.     They  are  caused  chieHy  by  the  r&riations  ill  the  in 
purities.     Sometimes  an  inspection  of  a  frewhly  broken  BOrfM 
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shows  a  sparry  constitution,  somewhat  approaching  that  of  a 
marble.  Very  frequently  limestones  are  more  or  less  saturated 
with  petroleurrij  which  gives  them  a  brown  or  very  dark  color. 
Black  limestones  contain  carbonaceous  matter.  Bluish  and  ashen 
limestones  are  argillaceous.  Yellowish  and  reddish  limestones 
are  ferruginous.  Sometimes  grains  of  sand  are  disseminated 
through  a  limestone,  which  is  then  arenaceous.  If  silicious  mat- 
ter not  in  an  arenaceous  state  is  intimately  mixed  or  combined 
with  the  calcareous,  the  limestone  is  silicious.  If  aliimina  is  so 
combined  the  limestone  is  aluminous.  Distinguish  particularly 
argillaceous  and  arenaceous  from  aluminous  and  silicious.  The 
first  two  terms  imply  the  material  in  a  somewhat  isolated  and 
visible  state;  the  other  two  imply  it  intimately  commingled,  or 
perhaps  chemically  combined. 

Many  limestones  are  magnesian.  They  do  not  effervesce 
freely.  Let  us  pick  out  such  from  our  collection.  They  do  not 
look  very  different  from  the  others.  Most  of  the  great  western 
limestone  formations,  so  called,  are  magnesian,  or  even  dolomitic 
—  that  is,  about  one-half  carbonate  of  magnesia  (see  the  Table  of 
CJompositions,  page  40).  Though  dolomites  are  not  properly  sepa- 
rable by  their  color,  it  happens,  as  a  fact,  that  most  of  the  west- 
ern dolomites  present  a  huffish  hue.  This  is  especially  the  case 
with  the  "lower  magnesian  limestone"  which  helps  to  form  the 
cliffs  along  the  Upper  Mississippi.  The  observation  may  also  be 
made  in  Missouri  and  Michigan.  As  a  fact,  it  is  further  observ- 
able that  many  dolomites  and  dolomitic  limestones  have  a  finely 
granular  texture.  In  fact,  they  have  been  sometimes  reported  as 
sandstones.  So  the  buff  color  and  granular  texture  may  be  taken 
as  a  preliminary  indication  of  a  dolomitic  formation.  Slowness  of 
effervescence  is  confirmatory.  Beyond  this  we  cannot  go  without 
chemical  analysis. 

You  have,  perhaps,  noticed  some  limestone  containing  small, 
spherical  pellets,  like  homoeopathic  pills.  Such  limestone  is 
oolitic  (not  pronounced  oo-litic).  Such  pellets  sometimes  com- 
pose the  entire  rock,  which  is  then  an  oolite.  Examination  of 
these  spherules  broken  through  the  middle  reveals  a  concentric 
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structure.  It  is  then  a  ** oonoretton,"  stnitlar  to  the  ooDcretiooMjr 
*'  iron-stone  "  before  mentioned.  When  the  oonoretions  are  larger 
the  rock  is  pisolitic. 

Limestones  have  no  standard  degree  of  hardness.  Ail  maj 
be  easily  scratched;  but  in  the  Oulf  States  are  limestones  whioh 
may  be  cut  with  the  knife.  One  of  these  is  the  widely  known 
'<  rotten  limestone";  another  is  the  so  called  ** white  limestone." 
But  they  are  harder  than  chalk,  and,  besides,  have  ''grit"  dis- 
seminated through  them.  Some  ehalk  is  pretty  free  from  griti 
though  it  abounds  in  nodules  of  flint.  It  does  not  ocoar  in 
America,  but  comes  chiefly  from  England  and  France.  "  Whit^ 
ing"  and  '^  Spanish  white'*  are  prepared  from  it.  Jlorf  may  be 
described  as  unconsolidated  chalk.  We  have  already  learned  (in 
Study  II  —  but  see  especially  Study  XV),  how  it  is  deposited. 
We  have  learned,  also,  of  the  origin  of  travertin  and  ttifpBL 
When  calcareous  waters  drip  from  the  roof  of  a  cavern,  the  de* 
posit  formed  on  the  floor  is  atalagmUe ;  and  the  ioiole*like  form 
pendant  from  the  roof  is  a  stalactite.  The  banded  oolorations  in 
stalagmite  fit  it  for  many  ornamental  uses. 

All  calcareous  rocks  are  slightly  soluble  in  meteorio  (or 
pheric)  waters;  hence,  when  used  in  architecture  or  art,  in 
posed  situations,  they  possess  a  limited  durability.  The  slow 
decay  of  limestones  and  marbles  may  be  noticed  in  some  of  oar 
oldest  structures.  Marble  cemetery  slabs  or  monuments,  one  or 
two  hundred  years  old,  are  distinctly  weathered.  On  the  doois 
of  St.  Paul's  Cathedral,  London,  the  weathered,  earthy  limestone 
has  retreated  a  quarter  of  an  inch,  leaving  the  silioified  fossils 
])roj(>cting  to  that  extent.  Yet  many  of  the  ancient  statues  and 
columns  buried  in  the  earth  have  retained  admirable  perfection. 
In  the  ruined  but  famous  Palace  of  the  Csesars,  at  Rome,  the 
architectural  carvings  retain  striking  sharpness  and  rlintinnfiifiss, 
after  two  thousand  years  of  exposure.  On  the  other  hand,  most 
of  the  caverns  of  the  world  are  attestations  of  the  solubility  of 
limestone.  They  began  as  fissures,  through  which  streams  cl 
water  ])assed,  dissolving  continually  —  and  also  wearing  —  the 
limestone  surfaces.     That  such  works  have  been  long  in  progress 
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is  evidenced  by  the  slow  yielding  of  calcareous  surfaces  during 
historic  times. 

Limestones,  considered  in  reference  to  their  fitness  for  build- 
ing, should  be  examined  as  to  their  power  of  absorbing  and  retain- 
ing water.  A  saturated  limestone  subjected  to  freezing  is  liable 
to  crumble,  or  even  to  be  completely  shattered.  Hence,  argilla- 
ceous and  aluminous  limestones  are  quite  unsuitable  for  situations 
exposed  to  the  weather.  Some  of  the  latter,  presenting  a  fine- 
grained, massive,  and  substantial  appearance  when  issuing  from 
the  quarry,  may  be  reduced  to  a  stale  of  ruin  by  the  frosts  of  a 
single  winter. 

A  hydraulic  limestone  is  one  which  contains  a  considerable 
percentage  (fifteen  to  thirty  per  cent)  of  clay  or  magnesia,  or 
both  together.  Calcination  renders  the  silica  of  the  clay  soluble 
at  the  same  time  that  the  carbonic  acid  is  expelled  from  the  car- 
bonate of  lime.  Contact  with  water,  therefore,  dissolves  the 
silica,  and  this,  with  the  quicklime,  slowly  forms  a  hydrous  sili- 
cate of  lime,  which  is  firm  and  insoluble.  Another  portion  of  the 
silica  forms  a  silicate  of  alumina;  and  if  magnesia  be  present,  a 
silicate  of  magnesia  also  results. 

Gypsum  is  a  calcareous  rock  of  much  importance,  having 
most  of  the  properties  of  the  mineral  gypsum,  already  studied. 
We  find  it  mixed  in  all  proportions  with  argillaceous  matter,  and 
sometimes  disseminated  richly  through  argillaceous  limestones. 
It  also  occurs  in  stratified  beds  of  great  or  small  extent.  Some- 
times the  original  bed  has  been  dissolved  away,  and  only  some 
lenticular  remnants  of  it  are  found.  Often,  also,  the  disappear- 
ance of  a  gypsum  bed  occasions  "sink  holes"  at  the  surface. 
Such  holes,  then,  seem  to  indicate  the  presence  of  an  underlying 
soluble  stratum,  probably  gypsum.  But  they  must  be  carefully 
distinguished  from  mere  depressions  in  the  drift,  sometimes 
called  ** potash  kettles."  Much  of  the  gypsum  found  in  the  crude 
condition  contains  a  considerable  admixture  of  clay,  and  pos- 
sesses a  bluish  color.  In  other  situations  —  as  at  Grand  Rapids 
and  Alabaster,  Mich. —  beds  of  gypsum  exist  in  a  state  of 
^reat  purity,  and  then  it  exhibits  a  crystalline  texture.     White, 


C6  OKULOUICAL   SXl'UIKS. 

granular  deposits  aEFortt  anoiei/  gijpaniii.  Gypsum  ecjually  fine 
and  uniform  is  often  tinted  witti  rieh  colcira.  Fine  gypsum, 
capable  of  forming  ornaments,  is  known  as  tiiahiinter.  It  may  be 
white  or  colored.  Near  Grrand  Rapids,  in  Micliigan,  are  extensive 
beds  of  pure  gypsum,  having  largely  a  uoarae  librous  structure. 
Some  portions,  however,  art'  granular.  This  formation  seems  to 
extend  under  the  central  part  of  the  statu,  for  it  reappears  on 
Saginaw  Bay,  where  it  is  also  extensivrly  quarried.  Other 
sources  of  eoinniercial  gypsum  are  on  the  border  of  Sandusky  Kay, 
Ohio,  and  in  central -we  stern  New  York,  It  ia  abundant,  alao,  in 
Virginia,  Tennessee  and  Arkansas.  Very  fine  and  estensiva 
deposits  exist  tn  Nova  Scotia.  Gypsum  is  widi-Iy  employed  as 
an  agricultural  fertilixer,  also  as  a  plaster  for  "hard  fuiiah,"  i 
also  in  the  preparation  of  "moulds"  and  "casts." 

EXERCISES. 

What  change  does  calcined  gjrpsutiv  uiidcrgci  nhon  long  ex{iDM(l  to  ths 
air?     What  ehaiige  does  quicklhne  undergo  when  mo  Mpowni?     Which  ia 
most  iiuptiirecl  by  mere  dampness?    How  diwn  dampni-si  aSecl  watcr-lime?  i 
Why  nii);ht  not  water-timestoiie  calcined  ut  a  white  heal,  make  a  gatA 
cement?    Explain   how  a  water-limo   might  Iw  prppat^d   from   pure  oaua-    i 
tic  Ihne.     Would  caustic  limB  and  pure  aand  make  a  ceuicut?     Wliy  Uo  you    ' 
give  this  answer?    Would  caustic  lime  and  cky  make  a  ucinrnt?    'WI17  1 
this  answer?    How  is  silica  made  soluhle?    What  in  the  use  ot  InsoIablB  I 
silica  in  a  cement?    Which  mnst  rapidly  dissolvoa,  gypsam  or  liincManef  I 
Why  did  the  "Cardiff  giant."  made  of  gypsuni,  pnasess  an  nucicint  opjMit^  •J 
aiicc  after  a  few  monttis' burial?    What  is  thti  source  uf  rust  sli^lts  od  th*  I 
-urfiice  i>(   some  nmrbles?    HaTe  you  any  spijcimens  from  any  cavomP^ 
Ik'seriliG   them.     How  might  Immnn  lianas  Woiuc  biirlcil  in  stnlngntitaf  I 
I  hive  yixi  <-\vT  lieanl  of  such  a  case?    liave  yuu  ever  heard  of  bones  buried  ' 
ill  ti'uvi'i'tin?    Meriliou  some  extensive  deposits  of  Iruvi'vLiii.     How  doea  { 
travertin  dilTev  from  common  lUnostone?    How  would   sIbI«  of   alslMSter    [ 
serve  ari  an  t>xlermd  veneering  far  house  frouls?     By  what  lueHiia  niay  plas- 
ter ca*.!?  be  i-eiidered  liunler  than  results  from  llie  simple  "selling"  of  the 
plaster? 
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STUDY   XIII. —  Carbonaceous  and  Iron  Ore  Rocks. 

I.    Carbonaceous  Bocks. 

Coal  is  something  so  familiar  that  a  brief  study  will  make  us 
acquainted  with  its  physical  characters  and  modes  of  occurrence. 
Its  geological  history  must,  of  course,  be  taken  up  in  another 
connection.  You  have  seen  the  "soft coal"  burning  on  the  grate, 
and  have  noticed  the  escape  of  inflammable  and  other  gases;  and 
have  also  detected  the  peculiar  empyreumatic  odor  which  bitu- 
minous coal  emits.  You  have  seen  the  gas-making  coal  put  in 
the  retorts  at  the  gas  works,  and  thus  received  other  evidence 
that  common  coal  contains  some  constituents  which  may  be 
driven  off  by  heat.  Now,  what  are  these  volatile  constituents, 
and  what  is  the  coal?  Manifestly  tliey  are  both  combustible. 
The  gas  burns  at  the  jet,  and  the  coal  and  gas  together  burn  on 
the  grate.  Even  the  coke  which  remains  in  the  retort  after  the 
gas  is  disengaged  is  also  combustible.  Now,  what  is  that  w^hich 
is  combustible  in  common  air,  and  is  also  an  abundant  substance? 
It  is  carbon;  and  this  element,  therefore,  is  the  basis  of  all  the 
coals  and  the  inflammable  gases  derived  from  coals. 

If  we  call  the  chemist  to  our  aid,  he  informs  us  that  the  gases 
are  compounds  of  hydrogen  and  carbon;  and  so  are  the  coals, 
but  with  a  diminished  proportion  of  hydrogen,  and  the  addition 
of  oxygen.  He  informs  us,  also,  that  coal  tar  and  other  liquids 
derivable  from  coal,  such  as  naphtha  and  coal  oil,  are  other 
compounds  of  carbon  and  hydrogen.  We  observe,  also,  that 
the  coals  called  anthracite  contain  comparatively  little  of  the 
gaseous  and  fluid  hydrocarbons,  while  those  called  hiUiminoxis 
contain  larger  percentages — the  fixed  constituents  of  both  classes 
of  coals  being  essentially  carbon,  or  something  not  very  different 
from  charcoal. 

A  coal  from  which  all  volatile  constituents  have  been  expelled 
is  graphite  or  plumbago;  while  on  the  other  hand,  we  find  in 
nature  products  composed  of  the  liquid  constituents  occurring  in 
coal,  and  others  composed  of    the  gaseous  constituents.     The 
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liquid  product  \s  petroleum,  and  the  other  is  natural  inflmninahle 
(jds.  The  ])etroleuni  has  accumulated  in  reservoirs  in  the  rocks 
to  an  extent  whicli  becomes  a  great  natural  curiosity  —  some 
wells  having  discharired  five  thousand  gallons  a  day;  and  the  gas 
is  now  es(a[)i ng  through  artesian  borings  in  such  enormous  sup- 
ply as  to  light  cities  and  furnish  fuel  for  great  manufacturing 
()})(•!  at  ions.  Pittsburgh  and  its  vicinity  are  especially  favored 
with  conihustible  gas;  though  enormous  outflows  exist  in  Knox 
county,  Ohio,  and  in  various  other  regions.  Though  petroleum 
and  gas  may  be  artificially  produced  from  bituminous  coal,  it 
must  not  be  inferred  that  these  natural  products  have  been  so 
diM-ivcd;  since  according  to  the  evidences,  no  connection  with 
coal  1)(m1s  usually  exists.  A  striking  ])roof  of  this  has  very 
recently  been  brought  to  light  in  northwestern  Ohio,  in  a  region 
at  least  eighty  miles  from  the  nearest  coal  field,  where  from  three 
wells  half  a  million  cubic  feet  of  inflammable  gas  are  obtained 
daily  Ironi  a  geological  position  two  thousand  feet  or  more  below 
the  horizon  of  the  lowest  coal  (Orton).  Probably,  however,  like 
coal,  petroleum  and  inflammable  gases  have  had  an  organic 
orif/in.      (S(M',  further,  Study  XXIX.) 

When  petr(>leum  is  exposed  to  the  air  it  loses  its  volatile  con- 
stituents, and  the  fixed  residuum  is  asjjhalt.  Different  varieties 
of  asphaltic  products  have  thus  accumulated  in  deep  rock  fissures, 
and  tli(\v  are  known  by  such  names  as  albertite,  f/rahanntCy  and 
otluns.  Surrlnite,  or  the  essential  part  of  amber,  is  an  oxygen- 
ated hydrocarbon,  which  may  be  mentioned  in  this  connection. 
It  is  believed  to  be  a  fossil  resin. 

P»  lit  vou  may  find  aceumulatino;  around  the  borders  of  lakes 
and  pnnds.  (Seii  Fig.  '17).)  Often  the  basins  of  old  lakes  are 
conipU'tely  filled  with  ]>eat.  Manifestly  it  is  of  vegetable  origin. 
It  has  a  (lark  brown  or  nearly  black  color.  It  is  combustible,  and 
(Muits,  like  coal,  an  (Mupyreumatic  odor.  Some  old,  deeply  buried 
peats  elosely  resemble  that  sort  of  coal  known  as  brown  coaly 
and  In/nitr.  These,  like  peat,  have  no  standard  purity.  They 
may  be  worth  more  or  less  as  fuel.  Peat,  however,  is  extensively 
employed    on    the   continent   of    Europe   in   porcelain    stoves  for 
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warmiDg  houses.  If  we  arrange  some  of  these  carbonaceous  and 
hydrocarbonaceous  substances  in  serial  order,  they  will  stand 
somewhat  as  follows  : 

1.  Gases.     Like  the  light  and  heavy  inflammable  gases. 

2.  Liquids,     Like  Naphtha,  Petroleum,  Benzole,  Tuluole,  etc. 

3.  Waxy  Solids.     As  the  Parafl&ne  and  Scheererite  groups  of 

substances. 

4.  Firm  Solids,     (a)  Asphaltic,  like  Asphalt,  Albertite,  Gra- 

hamite,  Torbanite  ;  {b)  Coaly — a  series  including  Peat, 
Lignite,  Bituminous  Coals,  Anthracite,  Graphite,  Dia- 
mond (?). 

II.     Iron  Ore  Rocks. 

On  visiting  any  iron  ore  mine  we  perceive  that  tlie  ore  occurs 
as  a  rock  more  or  less  distinctly  stratified.  We  find  the  ore  beds 
formed  from  the  three  principal  ores  already  studied.  They  form 
strata  like  the  other  rocks  with  which  they  are  associated.  Gen- 
erally, the  stratification  of  the  ore  is  quite  conspicuous.  Some- 
times, however,  the  beds  appear  to  wedge  out  in  all  directions, 
and  thus  to  terminate.  It  is  so  with  the  beds  at  Lake  Superior, 
in  northern  New  York,  in  Missouri,  and  elsewhere.  The  ores  in 
these  beds  are  mere  masses  of  hmmatite  schist,  or  'magnetite 
schisty  and  the  kinds  are  distinguished  in  the  same  way  as  the 
minerals  bearing  these  names.  Great  beds  of  titanic  iron  ore 
also  exist  in  Canada  and  other  regions,  which  seem  to  be  substan- 
tially a  mixture  of  magnetite  and  oxide  of  titanium.  But  titanic 
ores  present  various  percentages  of  protoxide  and  peroxide  of 
iron  with  binoxide  of  titanium.  The  l^ranklinite  ores  of  New 
Jersey  consist  of  haematite  about  two-thirds,  and  oxide  of  zinc 
one-fourth,  the  remainder  being  manganese.  Sometimes  these 
great  iron-ore  masses  terminate  abruptly  against  the  '*  country 
rock  "  ;  but  often  they  disappear  by  gradual  increase  of  other 
rock  constituents.  The  accession  of  silica  gives  rise  to  a  silicious 
ore  ;  then,  at  a  remoter  point,  to  a  lean  silicious  ore  ;  then,  to  a 
highly  ferruginous  jaspery  schist,  as  previously  explained,  and, 
finally,  an  ordinary  silicious  schist,  or  other  rock.     Mixed   with 


clay,  liiumatite  forms  argUlaceoua  hwinatite,  whicli  is  oftpii  ot  a 
<leep  red  color,  varying  to  browtiUli  black.  It  haa  sometimes  mi 
Oolitic  strncturt'. 

Liiiionite  rucks  result  from  tite  liydratian  of  the  liicinatitG  and 
magnetite  S(?liists,  and,  jn  the  reg'ioue  juat  named,  the  proct^ss  can 
sometimes  Ic  seen  incomplete.  Extensive  beds  exist  in  Salisbury 
and  Kent,  Conn.,  as  also  at  sundry  points  in  Dutchess  county,  N.Y, 
At  Hinsdali-,  MaEs.,  it  occurs  as  the  cement  iu  a  (loiiglomerato 
quartz  rock.  Tbo  commencement  of  auoh  a  prooess  of  cementa- 
tion of  pebbles  is  often  observed  in  the  limnnitiu  deposit  from 
springs.  Tli.-se  deposits,  as  explained  in  Study  II,  give  rise  to 
extensive  beds  of  iiog  iron  ore,  or  awamp  limonite.  One  of  the 
most  desirable  ores  of  iron  is  limonite,  since,  though  less  rich 
than  hiematite  and  magnetite,  it  is  more  easily  redtioecj.  The  iron 
yielded  by  bog  ore,  however,  is  cold  short,  owing  to  the  pri'seiiofl 
of  phosphorus,  and  hence  cannot  be  employed  in  the  production 
of  wire,  or  even  of  sheet  iron.     For  casting  it  ia  superior. 

Another  important  olass  of  iron  ores  is  afforded  by  8iderit«, 
or  carlionate  of  iron.  It  is  generally  known  as  Spathic  iron.  It 
occurs  in  gneiss,  mica  schist,  and  argillite,  sometimes  in  extemiire 
beds,  as  in  Styrla  and  Carinthia.  and  at  Plymouth,  in  Vermont, 
Sterling,  Mass.,  Antwerp  and  Rossie,  N.  Y„  and  the  Fentross  and 
Harlem  rivers,  N.  C.  Siderite  is  often  (onnd  united  with  argilla- 
ceous matter  in  the  form  of  nodules  (kidney-iron)  and  beda  (clay 
iron-stone),  especially  in  the  coal  regions  of  the  country,  though 
tins  form  of  ore  exists  also  in  Other  furmations, 

III.  Eruptive  Bocka. 
That  such  rocks  as  sandstones,  limestones,  ami  shale  hnvo  Ind 
a  sedimentary  origin  is  apparent  from  the  bedded  arrangement 
of  their  materials  in  parallel  layers;  from  the  identity  of  those 
materials  with  the  sediments  gathering  over  modern  sea  bottoms, 
and  from  the  presence  in  them  of  so  many  relies  of  the  organiema 
of  the  sea — but  of  all  this  we  shall  learn  licrcaftor,  If  traces  o( 
stratification  are  proofs  of  sedimentary  origin,  then  many  of  the 
crystalline    rocks   are    also   sedimentary.      All    the    aohiats    and' 
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gneisses  are  stratified;  and  granite  sometimes  passes  by  contin- 
uity into  gneissoid  rocks.  But  lavas  erupted  from  Vesuvius  are 
not  sedimentary.  They  may,  indeed,  acquire  a  parallel  fibrous, 
or  even  bedded,  structure  by  flow  while  in  a  molten  state;  and 
some  geologists  maintain  that  the  bedded  structure  of  gneisses 
and  diorites  and  many  other  rocks  had  its  origin  in  the  flow  of 
molten  matter;  but  there  are  serious  objections  to  this  view.  We 
have  studied  them  without  any  theory  as  to  their  origin.  We  may 
admit  that  certain  rocks  which  we  have  grouped  with  the  sedi- 
mentary class  are  sometimes  eruptive,  or  that  certain  ones  have 
always  an  eruptive  origin.  If  so,  then  we  may  have  eruptive 
granites,  syenites,  diorites,  norites,  and  diabases,  as  well  as  meta- 
morphic  ones  of  sedimentary  origin;  or  we  may  regard  some  of 
them,  like  diabase,  felsite,  and  the  porphyries,  as  exclusively 
eruptive.  In  any  event,  we  have  to  admit  the  existence  of  cer- 
tain rocks  which  bear  so  much  resemblance  to  modern  lavas  that 
we  can  regard  them  as  nothing  else  than  ancient  lavas. 

There  are  neither  modern  nor  ancient  lavas  lying  within  ac- 
cessible distance  of  us;  and  the  ancient  erupted  rocks  of  Lake 
Superior  and  the  Canadian  regions  have  not  endured  the  long 
journey  to  our  doors,  as  common  bowlders  have.  This  simple  fact 
gives  one  clew  to  their  nature.  They  are  more  basic;  they  con- 
tain mostly  less  silica,  at  least  they  are  not  quartzitic;  they  have 
dissolved;  they  have  been  worn  out.  So  much  is  certain.  But 
again,  we  have  learned  from  the  other  rocks  what  the  chemi- 
cal elements  are,  and  what  are  their  mineral  compounds.  The 
erupted  rocks  could  contain  few,  if  any,  new  minerals.  But, 
having  been  molten,  the  same  minerals  must  exist  in  a  blended 
condition.  Now,  though  it  is  impracticable  to  make  a  detailed 
study  of  the  eruptive  rocks,  we  may  report  that  investigation 
confirms  the  deductions  we  have  drawn.  So  we  have  chiefly  a 
feldspathic  series,  a  hornhlondic  series,  and  an  augitic  series. 
Beyond  this  it  would  hardly  be  profitable  to  go  without  other 
facilities  than  we  propose  to  employ. 

The  following  rocks,  already  noticed^are  included  also  among 
erupted  rocks:  granite,  granulite,  felsite,  syenite,  quartz-syenite, 
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diorite,  qiiartz-diorite.  The  loUawiug  are  tmineil  uiiiy  among 
eruptive  rocks:  I.  Keldspatliic:  jihoiiolitc,  traoliyte,  rliyolitu  ot 
glassy  rocks,  as  pearlstoiie,  pilcbatotte,  obsidian,  pumice.  3. 
Horn  bleu  (lie  and  augiiic:  aiidesite,  quartz-andesite  (dacite),  va- 
riolite,  aiigite-aiidesUe,  dolerite  (basall),  ampliigcnite  (Vesuvian 
lava).  On  "volcaHoes"  and  "ancient  lavas"  see  Studies  XXllI 
and  XXIV. 

EXEKliISES. 
Wlittt  is  the  material  ot  our  su  uallett  lead  peticiU?  Wliul  jtrupoi'lton  of 
carlion  is  iit  them?  Uuw  Uoca  graphite  differ  from  anthracite?  Isgm|)ltit« 
combustible?  Wlint  gem  is  pure  varboii  ?  What  is  its  hitrdnean?  Xhukihii* 
other  CH rill iiiBccn IIS  substaace  willi  tnucb  lower  hanlucss.  IIow  dors  ]ieat 
differ  froiri  biluiiiinoua  coal  ?  l-''r<iin  what  is  [lout  ilcHvril,  BWordlng  to  your 
observation?  What  is  paratHuu?  Vflint  ura  it«  luvif  In  what  rwpHit  is 
amber  like  asphalt?  Have  joa  bvvt  stun  a  uiogiuititi?  KcliisI?  What  Is  the 
color  ot  the  dust  resulting  frDin  tha  luuidling"  ot  magnetite  schist?  What 
color  of  dust  ari.sos  from  huiiualito  uchlal?  What  color  of  dust  slniiis  tho 
nngoiis  atict  cars  carrjing  Salisbury  (Conn.)  iron  arc?  What  culnr  ft  dust 
stains  the  docks  at  Escaiiaba  a[id  Marqiietto,  Mich.  ?  What  is  "  cold  stiurt " 
iriin?  What  ore  of  iron  must  distiirliv  the  wagnotio  ntwdk?  Name  Iha 
rocks  found  in  lioth  the  luctniiiorphic  and  eruptive  series.  Hon  can  ynii  do- 
termiue  tu  which  seritu  a  particular  {trnnlte  bvloug-i? 
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A  retruspective  glance  over  tlie  ruoka  which  am  here  studied  • 
recalls  the  fact  that  ditlerent  rocks  having  the  same  ootistitnant  ' 
minerals  differ  chiefly  in  their  slruotiiro,     Tlicy  may  be  crystal- 
line or  fraginental.     They  may  be  unslratilied,  or  thick-bedded,  o 
thin-bedded.     They  may  be  well  consoli dated,  or  imperfL-etly  so, 
or  quite  unconsolidated.      We  notice  that  most  of  the  rockl  arfl 
characterized  in  part  by  some  predominant  mineral,  such  as  qaarlz, 
mica,  hornblende,  pyroxene,  and  so  on;  and  that  we   thus  have  1 
several  series,  each  of  which  runs  through  the  various  types  of  I 
Htriicture.     A  panoramic  preaentHtiou  of  the  common  rooks,  ar-  \ 
ranged  aoonrding  to  structure  in  the  several  series,  will  aid  greatly 
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toward  a  comprehensive  grasp  of  the  subject.  Such  a  presenta- 
tion is  attempted  in  the  "Table  of  Rock  Structure,"  which  fol- 
lows. 

Again,  we  may  make  an  arrangement  of  rocks  according  to 
the  minerals  which  they  contain,  noting  at  the  same  time  the  va- 
riations of  structure  for  the  same  mineral  aggregates.  This  is 
attempted  for  the  common  rocks  in  the  appended  "  Table  of  Rock 
Composition."  In  this,  in  each  compartment,  the  "  massive " 
rock  stands  first,  and  is  put  in  small  capitals;  the  thick-bedded 
rock  next,  in  "Roman  letters";  and  the  thin-bedded  (to  which 
we  restrict  the  term  schist)  stands  last,  in  "  italics." 

Finally,  we  introduce  a  "Table  for  Rock  Determination," 
similar  to  our  previous  "Table  for  Mineral  Determination."  The 
intention  of  this  is  to  enable  the  student  to  ascertain  the  name 
of  a  rock  as  soon  as  he  knows  its  constituent  minerals.  This 
table,  as  we  think,  will  be  found  extremely  useful;  and  much  ex- 
ercise should  be  had  on  it.  But  we  ought  to  remark  that  both 
the  tables  for  determination  contain  much  more  detail  than  the 
student  of  the  elemefits  of  geology  can  be  expected  to  acquire. 
Accordingly,  a  star  is  prefixed  to  names  of  species  regarded  im- 
portant for  the  elementary  student.  The  further  use  of  these 
tables  is  intended  for  more  advanced  study. 
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TABLK  POU  ROCK  DBTEEMINATION.                            ^M 

^H 

Ing,  luBlivua  ■arlBcei;  or  ILiv  rock  li  linv,  cuoiiiKt 

aWt  wkb  ukkpd  tje  ar  iMckei  Isiir. 

^^^^^^H 

(II  Mu.lv.  or  Uikk-l-dd»d  (({utitniTii 

«f'*iM  OtHftoiuratt. 

(»)  The  ^onitlluonts  «re  imall  gmlni. 

16)  CompiBwJ  or  grMat  i!«ni|il«tn!y  bload«»  ot  t.vurl>  iw. 

rurtotu  quaniti*. 

(u)i'oii>pa.cdot><>p>»tegmli», 

qnarttoit  *AW. 

WatporSeMtl. 

i.    FKLijap*Balmip«illiqn«W. 

(1)  Strdtiiir<iuii>i»li<.s 

(Si  SimclnreMhlilmf, 

.    V,<:.\  n  iMdtuB  coi.Mlliieiit  .if  Ibe  mek. 

,'n'Mi.-i>v™ihlvk.l..>rtfl'.>.l, 

MUaamat  aaHtUliiat. 

(-J,r,i.i,[,urnlii.ic-«'ltUmlc«. 

itiMtti. 

illB.  otbwb  WiMber;  ifxiiifv  huhwoHIiib;  Iht 

r«ld<pcir  »b1U>b  or  nddlah;  lli.>  (i.»rt>  wllbuDl 

eleamg*  plant". 

OntMl,  rropet. 

OfiiUt  prflirtt. 

(ce)  Tblu-liedJKd.  iniMllj  ifllli  IlLllo  rr.ld.piir, 

.tfica  SfiUtt. 

ibi  Tlw  rslduiHr    Ita  <J<)lln«d  orjroUl*.  ur    wmc  ur  IL  lo: 

DUBllVP, 

PBi-ptitrlllt  ffnmU*. 

III  Qimrli!  alcina  wltb  [he  byrtnimlc*. 

l«l  Ma«ive  »r  H,lck-l«i*)«<l, 

Ufiiramlca  VorW^ 

»v<in»Ma>  «»>«(. 

(3)  Feldipir  and  cimrU  with  hydiwinks;  t«»IUTii  ««/»•  or 

Hob;  tho  r»1<]i.pir  u«»t[r  «liil[<b  i.r  nddlsh,  «i- 

blblllngclMVagagiUnss;  tb^qimna  wllhniil  nlviy 

iM«  plan™. 

(at  MiiKEire  emniiMr, 

//Silromlea  OntnUt. 

(»)  Tl.lclt.b«Jdi.a  aiiU  ii>ro«iim.^»  tlilii-bodded, 

lei  TI)lnlK.J<l«l,  miBlly  will.  Illll"  feia-imr. 

,ii)  Iflne.  wllh  e™«"/  r.-d   imillj    t-rlmif  ■■  ..koiB  ■■ 

MWt.1, 

s^-u-ut  seMil. 
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6.  Amphibole  a  leading  constituent. 
(1)  The   amphibole  occurring   as  hornblende  (commonest 
case). 
(a)  Hornblende  alone  present.  Amphibolite 

{h)  Orthoclase  alone  present  with  hornblende, 
ifi)  Orthoclase  and  quartz  present,  with  often  some  biotite. 
{aa)  MassivCf 

(ftft)  Thick-bedded,  rarely  thin -bedded. 
{cc)  Thin  bedded  with  little  orthoclaxe, 
(d)  Plugioclase  alone  present  with  hornblendiv 
(aa)  The  plagioclase  acidic,  associated  often  with  some 
quartz  or  muscovite;  color  grayish-white  to  green- 
ish, or  olive  green. 
{aaa)  Massive, 
(bbb)  Thick-bedded, 
(ccc)  Thin -bedded, 
(W)  The  plagioclase  basic,  generally  lubradorite.  as!»oci- 
ated  with  biotite  and  no  quartz;  texture  coarse  or 
fine;  structure  massive  or  thick-bedded, 
(8)  The  amphibole  occurring  as  actinolite. 
(a)  Massive  and  tough, 
(ft)  Thin -bedded,  with  some  quartz, 
(8)  The  amphibole  occurring  as  smaragdite  (a  light  green 
hornblende)  with  a  white  or  whitish  labradorite  in 
fine  grains  mottling  the  light  green  mass, 

6.  Ptroxkke  a  leading  constituent. 

(1)  Pyroxene  alone  present,  in  the  form  of  augite,  coarse  or 

fine  granular, 

(2)  Orthoclase  present  abundantly  with  little  augite. 

(8)  Plagioclase    present    with    pyroxene   (angite);     texture 
granitoid  or  fine, 
(a)  The  pl.-igloclase  acidic,  ordinarily  oligoclase, 
(ft)  The  plagioclase  basic. 
{aa)  The  pyroxene  lamellar  (diallagic);  the  plagioclase 
a  cleavable  labradorite;    texture  granular,   color 
reddish  to  dark  gray  and  grayish  black  ((rahbro 
of  some), 
(ftft)  The  pyroxene  granular;  tlie  plagioclase  anorthite 
or  labradorite ;  texture  fine, 
(4    Quartz  present  abundantly,  with  sahlite  and  some  feld- 
spar, 

7.  Htperbthene  a  leading  constituent,  generally  with  cleav- 

able labradorite  [physically  like  Norite.  and  by 
some  so  called], 

8    Eptdote  the  char.icterizing  constituent. 

(1)  Epidote  alone,  or  nearly  so;  texture  fine  granular;  very 

hard ;  pale  green, 

(2)  Epidote  witli  quartz  and  feldspar, 

9.  Htorous-xaonesian  minerals  in  characteristic  abundance. 
(1)  Talc  alone  present,  in  a  massive  amorphous  state, 
(8)  Talc  with  quartz  and  feldspar. 


or  Hornblende  Rock. 
Hyposyenite. 

Syenite  proper. 

Syenite  Gneiss. 

Hornblende  Schist. 


DiO)V4. 

Diorite  Gneiss. 

Thorite  Schist. 


XO)ife,  part. 

.Actinolite  Rock. 
Actinolite  Schist. 


Euphofide. 


Pyi-oxenite, 
Ang'tte  Hyposyenite. 


Diabase^  part. 


Norite,  part. 

Diabase,  part. 

Pyroxene  Schist. 

Hypei'Sthenite. 


Epidote  Rock. 
Unakite. 

Steatite. 


OEOLUIilCAL   STL-UIKS. 

^^™ 

(0)  M.4aivc, 

ft-uf'.^inf. 

<b)  Tbltk  bciddoJ, 

ProlagMt  Bn.U: 

<c)  T  bio -bedded,  wltb  lluli  (eldrpat. 

(Od)  The  quMiU  snnuUr,                                      rotCMf  0 

Bift.  /to/o^h*  StAIv/. 

(M>  The  qonni  flue  nod  nenrly  wnnllbg.  tl»  rock  moiOj 

ruiiWH  &Ai((, 

(S)  Tbe  uiaguetliiii  mlaDnl  I*  ohlarltt ;  qsArlc  aud  fi-IJiiur 
(a>TbEreld,iwr«bnmliol;iiln.cU,rBtWek-hf.ddi;d, 

(7A/*rtfc  Quria. 

(6)  Tbi'  foW«i»r  «canij;  slpuiiure  Lhin-baldort, 

mor\USrhUI. 

tore  "Uiy, 

Ch-oriU  aiati. 

(6)  Color  inotUed.  greenish  «nii  white.  b«lDg  mUnt  vltll 

llmeslone  ("verd  anitqoe"). 

OpMallU, 

(1)  Tho  charBiMeHiing  minernl  pyroiihylllM ;  color  whilp. 

gniy.of  greeniiril-wUUP:  fvel  grem-J ;   aiipennnire 

Ih-t  of  ■  t-Je  rock. 

Pir«pi.tinu  n^hitt. 

(!)  Tile  chirBCtcclilug  Ingrcdieat  urt^lliFvotis,  tltm]j  liidii- 

Riied.  clusving  InUi  thld,  tvun  I«ye™  [Clliy  alKla. 

Phylllle], 

ArvllUU. 

(1)  EfftTifsceiice  wllb  dlliile  Held  "hen  iiiilvpilK.d. 

<a)  ESi^rvi^iuinoe  wIlbMltfDCfd. 

(00)  Itock  ohlefly  wlwrwiiih 

Marble. 

OfHolUt. 

(A)  BSerreiicHncaDnly  wtwnAtitfHj, 

Doionma  Marbi,. 

(S)  NoefftrvBKeoiHj;  hiicdneu  abouia. 

(iHU«m. 

dark-hravrn. 

(I)  RackdlBUnctl;gtniIIBed:  bunlnesa  I-l.B :  Iiicire  brlgllE. 

often    suli-nieUlllci  iron     bl«k  -nd    ^e^Qe^^)r 

ble  flump  of  psle  color. 

AnIAracU: 

(01  LUKtre  rBBinons;  bnrni  freely. 

(ft|  LnfinsmeUilllc;  slrenk  block  ami  ehlnbig:  rolw  Irmi 

black  to  dork  eleel  grar ;  feel  Kri-»>j-. 

linvMU. 

(1)  Rtreak  black;    xpeclllc  grfcrlly.  when  pure,   AA  la  t.i: 

1  ifagiffU*  »Ut. 

•kU  on  the  magnet. 

iruanielrcn. 

(3)  tJtrDsbred;  specldc  gntvltf,  irhtm  pure,  t.aioG.S. 

UmiatUi  a*>it. 

(3)  Sire^k  dHrk  reddlah  brown;  act. .lightly  on  Ui.i  m«|[niil: 

FrankllhUi  SMt. 

(41  Streak  brownish  yellow;  apectlli:  ^r^vlly,  wliuo  piite,  3.6 

LIntonirt  ScKtM. 

(5)  Slr.'iik  ivhllc;  'p.  gr,  of  Biil.Thf  S.O  W  4.6;   eff.Tvi'acfi 

«lth  hot  odd. 

a/Hilhlt /-an. 
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Aphar^te. 
Aphanitlc  Schist. 


PetrodUx. 


II.    MicBOGBTBTALLiHB  and  Cbyptocbtstalline  rocks— sepa- 
rate crystals  or  grains  not  discernible  with  a  lens. 

A.  Teztnre  felsitic— partly  microcrystalline,  distinct  miner- 

als discernible  only  under  high  powers  in  thin  sec- 
tions. 

1.  Stmctare  massive  or  indistinctly  stratified. 
<1)  Color  black  or  nearly  black,  t«ometimei<  greenish. 

Ka)  Massive  or  thick-bedded, 
Kb)  Thin-bedded,  but  obscurely  so,  compact. 
(2)  Color  whitish,  reddish,  or  mottled, 
(a)  Essentially  orthoclastic  (see  pas;e  27):   ^^ilica  inti- 
mately united ;  hardness  quartz-like. 
{aa)  Without  imbedded  crystals;  color  mostly  red, 
(&6)  With  imbedded  crystals  (or  alternating  band»)  of 

quartz  [Quartz  Porphyry],  Quartz  Petrosilex. 

iec)  With  imbedded  crystals  of  feldspar,  PorphyrUic  Petros'i  'ex. 

idd)  With  imbedded  pebbles,  Conglonieiate  Petrosilex. 

(6)  Essentially   plagioclastic,  basic;   hardness  between 
feldspar  and  quartz.  , 

(oa)  Without  imbedded  cryi*tali*, 
{Jbh)  With  imbedded  crystals  (or  alternating  bands)  of 

quartz, 
(cc)  With  imbedded  crystal  of  feldspar    [I'orphyry], 
(c)  Essentially  quartzose:  fel>itic  u^xtiire  not  perfect, 

2.  Structure  distinctly  bedded  or  evm  sluty, 

B.  Texture  colloid ;  lustre  glassy;  constituent  minerals  com- 

pletely blended  or  nearly  so, 

C.  Texture  glassy,  lustre  quite  glassy;   translucent  or  tran*'- 

parent;  colorless  or  white,  Vitreous  Quartzite,  part. 

L    TJncrystalline— fnigmental    or    calcareous;     distinctly 

stratified. 
I.  Effervescence   with    acids,  ut   least  when    pulverized    and 
heated. 
1.  Effervescence   with   cold    acids;    rock  sometimes   semi- 
crystalline,  sometimes  with  an  earthy  Instre. 
(1)  Well  consolidated, 
(i)  Partially  c(msoliduted,  white  or  rusty, 
(8)  Unconsolidated,  putty-like  when  wit ;  wliite, 
S.  Effervescence  only  when  heated. 
(1)  Having  the  aspect  of  u  limestone;  often  finely  granular, 
(S)  Aspect  dark  and  earthy;  often  nodular, 


Felsite  proper. 

Quartz  Porphyry. 

l^rphyritic  Felsite. 

Jasper  Rock. 

Felsite  Schist. 

Rhyotite,  etc. 


Limestone. 

Chalk. 

Marl. 

Dolomite. 
Spathic  Iron. 


n.  No  effervescence  with  acids,  or  only  very  little. 
1.  Quartz  the  i>redouiinating  mineral. 
(1)  The  quartz  fragments  cemented  together, 
(a)  The  fragments  consist  of  rounded  pebbles, 
(ft)  The  fragments  consist  of  fine  grains, 
(8)  The  quartz  fragments  uncemented, 
S.  Clay  the  predominating  ingredient. 

(I)  The  clayey  ingredient  somewhat  indurated,  but  the  rock 
fragile  and  breaking  into  thin  layers. 


Conglomerate. 

Sandstone. 

Sand. 


.Shale. 
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^^™ 

(01  Uisri  wilb  mrlons  Impatltleii    b)u>'.  n-d,  Onrk,  or 

Wllllf. 

riav 

A-.W(1B, 

(I)  Rock  dlrtinrlJy  BlraiUed. 

HfcDhlelUBiEor  palornW;  tuinlnrultoI.A, 

Anthraflli, 

(6)  LnBin-  piulij:  tn^io:  luinlii.>»  S  m  1(»;  Uurulug 

(dO)  Softs iifi  and  lieconMs  |>asTy  In  Ibr  UK ;  llu  propcrtr 

U(  CBklDE. 

(.■Oklng  neai. 

(S6)  Bunii    freeljr  wtthout  iolkulns:    >>«•   i"  fuktiiB 

property, 

Xon-a,ltiiuiC«tl. 

(c)  Liarro  dull;  eoJor  genonlly  bmirnlsh  li*|Mil/.l, 

Bro«it  Coal. 

(Si  Knck  Indlallnclly  or  dUUnclly  »lullllPil.  ulili  llitl-  or  uo 

Iniire;  blebly  bltnmlnfluK. 

l\i«»,l  Coal. 

.01  LuMrt-r»innii!>;  bnrni  tKulf, 

.*)  Li.-l«m.l«lUc:  Wnwii  bluk  >i>ri  fbli.ingi  tnlor  (m.,- 

blDck  to  rtirk  awcl  gny;  feci grcuy. 

a,  npMt/ 

1  atagiirl.f  Iron  Or: 
1  Wante  frtin. 

[Ktit  OiaUt,  StdOehrt], 

(31  PondtrdnrkrpddiihbiOTTi:  conUin*  ■Inr, 

rritnUlnltf  Or*. 

l«f  or  pHlvcnilcnl  [flo?  f>r*,  s*o(  Orr.  Mio«-  lyhrr) 

(5)  rowar^rwliilt;  i-t!crv.^fw.  "1th  (iclds  wlicn  beiiln.l, 

Sjiaihie  Iron. 

STIJDV  W.—ffidwifnlation. 

Let  us  visit  a  epot  overflowed  by  tiie  last  freshet.     We  go       ^| 

down  to  the  border  of  the  creek  and  find  the  flu 

grim)'  with  the        fl 

inuiidy  slime  deposited  wliile  the  stream  whs  d 

ut  of  its  bnnlts.         1 

The  level  tneadow  wbs  tjuite  covered  by  Ibo  wa 

ter;  and  we  can        M 

understand  that  many  overflowe  must  make  material  additions  to       | 

the  hiiid.     Indeed,  tlie  oharaeter  of  the   soil   he 

re.  and  its  vary      M 

level  surface,  sliow  thnt  during  times  past  this 

piece  of  gronnd     ^M 

uiust  have   l.epn  formed  from  sedimentB   depoeited  at  times  at    ^H 
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overflow.  De|x>sits  from  rivf-rs  nre  cAUi^dJiuoittlile,  ami  tlie  land 
resulting  is  alluvitil.  In  Cincinnati  at  tlie  time  of  great  floods, 
the  Ohio  River,  which  then  abounds  in  sediments,  leaves  a  thick 
layer  of  fine  sticky  mud  wherever  the  water  stands  —  in  streets, 
yards,  cellars  and  the  floors  of  first  stories  of  the  houses.  Think 
of  the  enormous  amount  of  mud  which  is  thrown  down  along  the 
whole  course  of  the  river  wherever  iho  overflow  takes  place.  So 
the  river  becomes  bordered  by  alluvial  bottoms,  except  where  the 
banks  are  too  high  for  overflow.  The  same  is  true  of  the  Con- 
necticut, the  Potomac,  and  all  otiier  rivers. 

Let  us  go  down  by  the  pond;   here  we  sliiiH  si'ii   otiier  resulls 
of  the  process  of  sedimentalion.     I'erhaps  this  pond  is  caused  by 


a  dam  thrown  across  tl 

remember  when  Uie  da 

notice  how  Ihe  poud  is 

sand  washed  iu  from  tl 

is  a  little  lake,  witli  oi 

many  of  them.      Tlioy  ahouncl  pspeeially 

Northern   States.      Suppose   luirselves  s( 

lakelets.      It  looks  ..  little  like  the  view  in    V 

is   bounded  on   most   sides  l)y  elevated  prouud,  hut  ( 

the  shore  is  low  and  marshy.     The  hind  stretches  off  several 

in  a  perfectly  level  tnarsh  or  meadow;  then  we  suddenly  r 

the  firm  upland,     Down  by  tiie  water  the  marsh  grows  less 


1.      If  so.yoiir  fnlheroruuelemay 

rst  linill;  it  was  not  a  century,  but 

iil>";  it  is  hnir  filled  with  nuid  and 

■lit  iiill-siopes.      Perhaps  this  pond 

■  a  slight  outlet.     You  have  seen 

our  Now  Enjiland  and 

iding  by  one  of  these 

ig.  2S. 


less  tinn.  Even  bt^ynnd  tlie  border  of  the  w«ler,  some  eedg'es 
Knti  a  situation  suited  to  tlieir  natures,  and  still  beyond,  bulrushes 
and  flags  rise  from  water  a  foot  or  uiore  in  deptli.  On  other 
sides,  the  nature  of  the  lakelet  bonier  is  very  different.  Now 
consider  on  which  aide  the  marshy  bonier  lies.  It  ia  alinoat  al- 
ways on  the  side  opposite  that  from  which  the  prevailing  wind 
blows;  that  is,  it  is  the  easterly  side — ranging  from  norihesst 
to  southeast.  The  leaves,  grasses  and  twigs  which  float  on  the 
water  surface  are  drifted  by  the  winds  toward  the  marsh,  where 
they  beuome  lodged  and  go  to  decay.  The  resulting  vegetable 
matter  fonns  a  dark,  peaty  layer  on  the  bottom,  which  accumu- 
lates from  year  to  year.  It  stretches  from  the  land  down  and 
under  the  water.  As  the  land  grows,  the  marsh -grasses  and 
sedges  extend  their  area,  and  water-loving  plants  spring  from  the 
submerged  portion  of  the  peat.  Thus,  from  year  to  year,  the 
peat  extends  further  along  the  bottom,  and  the  land  encroaches 
upon  the  lake.  But  suppose  this  process  hue  been  going  on  a 
thousand  years;  the  land  must  have  grown  Ukeward  quite  exten- 
sively. Indeed  it  has;  and  this  level  marsh  or  meadow  shows 
how  much  land  has  been  made  in  ihis  wfiy,  Let  us  dig  in  this 
marsh.  You  know  beforehand  it  ia  formed  of  black  "muck." 
And  now  we  see  why  the  niarah  is  exactly  level,  and  why  it  lies 
but  very  little  above  the  surface  of  the  water. 

But  here  is  another  phenomenon.  Underneath  the  muck  or 
peat  is  a  bed  of  marl;  how  came  that  therty  Well,  going  down 
to  tht!  lakelet  again,  you  see  marl  lying  on  the  boltom;  so  of 
course,  as  the  peat  bed.  extends,  it  covers  the  layer  of  marl.  An 
examination  «f  the  marl  shows  numerouR  dead  sheila  — imi- 
valves  or  water  snails,  and  liinalven  or  muMflii.  'rhcac  are  in  ftll 
stages  of  decay,  and  it  is  evident  that  much  of  the  marl  thtia 
originates.  Living  snails  and  mussels  still  abound  in  the  water, 
especially  near  the  shores,  crawling  on  the  bottom.  Ijul  proboi* 
bly  some  portion  of  the  marl  results  from  precipitation  of  r-alcium 
carborml*!  froin  spring  waters,  as  briefly  explained  in  Stndiea  II 
and  XII. 

If  si-dimeiils  ;,t.-  thus  nocumu luting  f 
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deposit  of  calcareous  matter,  and  rrom  tlie  wasli  of    the  land; 

and  if  the  peat  marsli  is  graduallv  eiioroacliing,  wliat  must  be  the 
final  result?     Evidently,  tiio  lake  must  in:  filled,  and  a  bed  of  peat 


place.  Now  you  understand 
nuiin;r<ius  swales  and  bogs  and  tamarac 
in  so.ne  rcgioi 
of  them  have 
n  arable  grouni 
r  most  productive  lands,  because  they  are 
pply  the  cliief   food  for 


:  sufTicicntly  drained 


underlaid  by  marl 

the   origin    of    those 

sw&mps  which    exist 

ancient  lakes.     Som£ 

to  be  meadows,  or  ev 

thus  dried,  furnish  o 

filled  with  the  very  materials  which 

vegetation. 

The  growing  swamp  is  not  always  on  tlic  leo  side  of  the  lake; 
it  will  be  found,  however,  on  the  side  toward  which  surface  mo- 
tion sets.  Sometimes  the  position  of  contiguous  hills  deflects 
the  prevailing  winds  from  their  normal  direction;  and  sometimes 
a  surface  drift  is  imparted  by  tiie  drainage  of  the  lakelet. 

We  must  study  a  little  farihcr  the  results  of  river  sedimenta- 
tion. Look  on  a  map  of  the  Mississippi  valley  from  Cairo  to  the 
Gulf  of   Mexico.      The  region   presents  but  a  very  gentle  slope. 


and  the 

For  the  whole  distance, 
deck  of  a  steamboat,  o^ 
bounded,  at  a  greater  • 
river,  by  high  banks.  T 
in  a  triangul 


Aerfully  s 
one  looks  out  from  the 
■cr  a  wi,!c  alluvial  plain, 
ir  less  distance  from  the 
>ward  the  gulf  it  expands 
d  that  part  is  called  the 


<7eli<i.  Freqently  the  whole  alluvial  plain  is  so 
called.  This  plain  is  Hooded  by  the  high  water 
of  certain  seasons  —  unless  coiitined  by  a  system  of 
embankments.  During  overflows  the  sediments 
subside  —  the  coai-Mor  first  and  the  finer  afterward. 
This  is  familiarly  illnslraled  by  the  siii>sidetice 
which  takes  place  in  a  glass  of  water  as  shown  in 
Fig.  26.  We  may  suppose  this  is  a  glass  of  Mis- 
sissippi River  water  with  a  little  gravel  added. 

The  alluvial  deposit  of  the  Mi-ssissippi  has  thut 
to  the  depth  of  ten,  twenty,  or  even  fifty  feci.     In  Fi 
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present  a  map  of  a  section  of  the  river  between  Vicksburg  and 
Baton  Rouge,  with  shading  to  indicate  the  breadth  of  the  alluvial 
belt.  Through  this  belt,  with  its  wonderful  network  of  bayous  of 
sluggishly  moving  water,  the  channel  pursues  its  sinuous  course, 
frequently  striking  the  high  upland,  and  affording  sites  for  cities 
and  villages,  as  at  Vicksburg,  Natchez,  and  other  points.  It  will 
be  noticed  that  the  stream  repeatedly  doubles  on  itself,  forming 
peninsulas.  At  many  points  it  has  completely  worn  the  isthnms 
across,  forming  islands,  and  pursuing  a  new  channel,  as  seen  be- 
low Fort  Adams.  At  other  points,  as  near  Grand  Gulf  and  Port 
Hudson,  the  entrances  to  the?  old  channels  have  been  **  silted  up," 
and  the  old  channels  then  remain  as  lakes.  Thus  Bruin  Lake 
was  cut  off  before  the  river  was  known  to  navigators;  Lake  St. 
Joseph  before  1700,  when  the  river  was  shortened  twenty  miles; 
and  Palmyra  Lake  was  formed  by  the  Davis  cut-off,  2>,  in  180?, 
reducing  nineteen  miles  to  one.  In  one  memoral)le  instance  this 
conversion  of  a  peninsula  into  an  island  was  effected  by  human 
agency.  Notice  the  position  of  Vicksburg  on  the  map,  Fig.  27. 
During  the  late  war,  in  1802-^3,  a  canal  was  dug  across  the  U  at 
C,  for  the  passage  of  the  federal  gunboats,  to  enable  them 
to  shun  the  batteries  erected  on  the  Vicksburg  bluffs.  This 
canal  has  now  become  the  main  c'liannel  of  the  rivtr,  and  the  old 
channel  remains  a  mere  bayou  of  nearly  still  water,  greatly  to 
the  detriment  of  the  trade  of  the  city.  Sediment  is  constantly 
accumulating  in  it.  Only  one  expedient  seems  practicable.  The 
Yazoo  river,  which  empties  into  the  Mississippi  a  few  miles  above 
the  city  (see  map),  may  be  dannned,  and  its  waters  conducted 
through  a  canal  into  the  Mississippi  at  the  l)end  of  the  U  above 
the  city.  This  river  then  would  scour  out  the  bayou,  and  Vicks- 
burg would  stand  on  the  Yazoo,  two  miles  abovi^  its  mouth. 

When  it  is  noted  that  this  enormous  alluvial  dc^posit  extends 
to  the  Gulf  of  Mexico,  we  gain  some  conception  of  the  volume  of 
sediments  transported  by  the  Mississippi.  At  its  mouth  the  cur- 
rent is  met  by  a  body  of  salt  water,  over  which  the  river  dis- 
charges itself.  Here  the  slackened  motion  results  in  the  deposi- 
tion of   a  vast  volume  of  sediment   known  as  the  "bar."     But 
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aiioliier  ami  fiiior  ixirtion  of  llie  sediment  is  bornu  tci  sen  and 
taken  up  by  tlie  iiurnml  ooeanie  currcintB,  wliicli  carry  it  to  great 
distances  before  it  finally  settlus  down  upon  tiie  oeean's  bottom, 
Ail  the  rivftrs  which  ernjity  Intu  the  spii  are  sitnilMrly  ootitrib- 
uting  sediments  to  be  addrd  to  tin;  Uyer  uccuimilutitig  over  thtf 
bottom.  Thus  the  oceans  arr  filling,  ns  well  as  the  lakes;  arid 
tile  ocean  scdinicnts  are  buryiii;t,  also,  tlie  remains  of  t!io  mol- 
luscs and  fishes  which  lived  in  tlie  water  above  their  linal  burial 
place.  The  dredge  brings  up  samples  of  the  sediments  for  our 
inspection,  Tliey  sre  coHrser  end  more  almiKUnt  n<-arer  the 
sliore,  as  wr  should  expeot;  and  tlii*  continental  sediments  Dease 
almost  entircU  before  the  g;rrnt  abyss  >a  reaehed.  In  the  zone, 
from  two  to  three  miles  in  depth,  we  find  a  preity  nniform  layer 
of  a  white  nurlv  substance  known  an  "globifjerina  ooze,"  from 
the  predoninmnee  of  microsoopic  shells  of  Olobif/erina,  a  genus 
of  ForamiriffTB,  of  which  more  will  be  letirned  in  Part  II.  With 
these  are  nnmemus  frafrmenia  of  other  organisms,  espeeially  of 
Pte7-o}iods  Thi",  suliitanee  when  dried  presents  the  uppnarsnce 
of  white  clialk.  nnil  m  fact,  white  chalk  is  largely  composed  of 
similar  oigiinisius  At  greater  depths  the  admixtures  with  globi- 
geriua  ooze  dimuusli  in  quantity.  At  the  greatest  depths  is 
found  a  la\  er  of  fine,  homogeneous  reddiBh-brnwii  clay,  composed 
of  silica,  aluinma.  and  oxidp  of  inm.  This  is  supposed  to  be  a 
residuum  left  after  the  solution  of  Glolii'jrrinii  and  Pteropod 
shells  by  some  peculiar  action  of  the  abyssal  sen  water, 

EXBRCTSES. 

I|ri\v  (lop-  tiioviiig  wnter  ant  to  si'[Miruli-'  the  finer  nnd  cimi'^r  purticlda? 
til  ft  sirenm  flowing  from  a  steep  mvinr  to  e  pluiii,  wlinl  portion  of  Oie 
lmiispi)rtcd  niBterial  will  ix-  dvpositMl  on  tlie  plnhi?    WUnl  portion  idong 
tliu  i'lope?    Why  this  assortment?    Why  is  thii  nppvr  layer  nf  M-i)im«int  from    . 
n  jKHil  of  turbid  water  floesl?    U  Ihe  sihiviol  dqwNit  from  thi<  MisSimlppt    I 
line  or  coarse?    Wliy  i«  this  so?    I>cscrfl»  a  strwiiii  wliioh  would  deprait  \ 
pi'hlijes.     What  do  you  know  alio  at  tlie  power  of  Alpine  torrents?    Whtt  I 
(■)T''<.'I  is  produecd  on  rock  fmgmvntK  triinsiiorlwi  bj  Water?   Has  water  itwlf  I 
any  power  to  wear  tlie  rocks?     In  what  two  ways  do  rooks  disappear  under  I 
tho  net  ion  or  vmtPr?     [See  Studies  It,  HI,  nnrl  XVT,]    In  s  tninliii'e  of  fl 
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8Uid»  powder,  and  slime,  how  may  water  be  used  to  separate  them?  Can 
you  think  of  other  moving  waters  besides  streams  whicli  also  exert  an  assort- 
ing action?  What  movements  of  the  ocean  do  thisV  Why  are  the  coarsest 
pebbles  nearest  the  beach?  Wliy  are  some  bcaclies  pcbl)ly  and  otliers  sandy? 
To  what  depth  are  tlie  ocean  waters  stirred  by  winds  and  tides?  What  kind 
of  sediments  would  bo  borne  to  the  greatest  depths?  Why  are  the  most 
projecting  points  of  the  coast  rocky?  Would  marine  animals  generally 
prefer  to  live  about  such  points?  Why  do  we  not  find  goml  shells  along  a 
stony  coast?  Mention  some  marsh  which  resulted  from  the  filling  of  a  lake. 
Ask  some  of  the  old  citizens  if  they  know  any  lake  or  pond  whicli  has  been 
filled  by  sediments.  Would  you  be  surprised  to  find  shells  in  a  bed  of  dry 
peat?  What  is  filling  the  Gulf  of  Mexico?  What  is  getting  buried  by  the 
sediments?  Do  you  think  the  deposits  are  all  uniform,  or  are  they  arranged 
in  layers?  What  would  cause  a  coarse  layer?  What  a  fine  layer?  Have  all 
rivers  deltas?  What  might  prevent  a  river  from  having  a  delta?  Mention 
a  river  without  a  delta.     Mention  rivers  with  extensive  deltas. 


STUDY  XYl.—JirosioHs. 

We  have  seen,  in  various  situations,  a  great  amount  of  turbid 
water.  Some  of  this  stands,  for  a  time,  almost  motionless  ;  some 
is  hurried  onward  by  running  streams,  and  some  is  moved  by 
winds  and  currents  in  lakes  and  seas.  But  in  all  situations,  sus- 
pended sediments  tend  to  settle,  and  will  eventually  settle,  unless 
the  agitation  of  the  water  is  too  great.  We  have  seen  that  some 
of  the  material  moved  by  waters  consists  of  pebbles  and  larger 
stones.  Some  consists  of  sand  in  a  coarser  or  finer  condition. 
But  all  is  nearly  of  the  nature  of  the  drift  materials  covering  gen- 
erally the  surface  of  the  land.  That  is,  transported  sediments  are 
nothing  but  fragments  of  rocky  formations,  broken  and  ground 
and  pulverized.  Let  us  try  and  trace  some  of  them  to  their 
sources. 

Here,  first,  is  the  slime  settled  in  a  pool  by  the  roadside.  It 
is  quite  evident  that  the  last  rain  washed  the  material  from  the 
roadway  and  the  fields.  On  this  declivity  a  more  powerful  cur- 
rent has  cut  a  deep  gully,  which  renders  the  highway  almost  im- 
passable, and  the  bowlders,  stones,  pebbles,  sand,  and  mud  are 
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.11  order  along  by  tlic  fences,  and  across  the  flooded  fields. 
liiiieiits  are  derived  from  the  drift.  Every  rain-storm 
rts  portions  of  the  drift  from  the  liiglier  to  the  lower  lev- 
'ory  rain-storm  carries  some  of  the  soil  from  the  ploughi'd 
ij<l  leaves  it  in  the  bottom  of  the  lake,  or  spread  over  the 


l.i'l  us  fjo  to  the  rocky  gorge. 
Miiiill  stream,  tlioiigli  noisy  ;  and  i 


hrookk-t 

swolk-n  to  a  torr 

erit.      At 

-f  the  (T 

umbling  banks,  u 

nd  tears 

tlieui  an 

■11  to  (lie  fool  of 

li'"  RC'ge 

Here,  in  ordinary  weather,  is 
seems  to  have  accomplished 
clear,  and  seems  to  move  no 
une  this  deep  ravine  into  ex- 
Yon  have  seen  the  clear 
ch  time  it  rises  to  the  level 
t  stones  and  sund,  and  hurls 
The  finer  sediment  is  carried 
miles  beyond  into  the  gentler 
current  of  the  river,  or  the  stand- 
ing water  of  the  lake.  Sometimes 
the  banks  of  the  gorge  are  rocky, 
but  the  roaring  torrent  cuts  its 
way  through  them,  and  the  strata 
stand  in  nearly  vertical  walls  on 
either  side.  In  southern  New 
York,  at  many  localities,  are  suob 
deep  ravines,  cut  through  sand- 
stones and  shales,  nearly  horizon- 
tal in  position.  We  give  you  in 
Figure  28  a  view  of  one  at  Wat- 
kins'  Glen,  lit  the  head  of  Seneca 
Lake.  This  is  a  very  picturesque 
region,  much  frequented  by  tour- 
ists. Many  other  gorges  may  be 
seen  along  the  Genesee  River,  in 
its  course  to  Lake  Ontario.  Do 
not  fail  to  notice  the  gorge  and 
the  falls  at  Rochester,  when  yon 
pass  over  the  Central  Railroad. 
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In  th«  northwestern  states  are  other  examples  of  erosion  equally 
beautiful  and  impressive.  The  Wisconsin  River,  in  its  course  to 
the  Mississippi,  has  cut  a  deep  channel  through  a  friable  sand- 
stone, giving  rise  to  a  great  amount  of  charming  scenery. 
One  of  the  views  is  presented  in  Fig.  'ZH.  The  student  of  geol- 
ogy  is  ^eatly  favored  in  this  fact,  that  the  very  data  of  his 
science  are  the  most  interesting  features  of  the  earth's  surface. 
The  greatest  of  rivers,  the  Mississippi,  has  also  elTected  ernsions 


worthy  of  its  greatness,  though  Hniniposiiifr.it  must  l>e  t-onfe 
comparison  with  another  river  whose  equal  greatness  belongs  lo 
a  past  age  of  the  world.  Along  the  upper  Mississippi,  high  clilTs 
line  the  valley  most  of  the  way  (Fig.  30).  The  Niagara,  as  every- 
one knows,  has  ejteavated  a  gorge  which,  with  the  "falls,"  its 
instrument,  is  the  wonder-of  the  world.  Wo  shall  have  to  con- 
sider this  ill  other  connections.  (See  Fi{;s.  305  and  306.)  But 
the  most  stupendous  examples  of  river  erosion  arc  found  in  the 
Far  West.     The  Colorado  has  cut  prodigious  canons  through  the 
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strata  to  the  depth  of  four,  live  and  six  thousand  feet. 


r  gorges.   Thug 
scarred 


■ated  si 


much  of 

and  scored  iti  a  manner  which 
renders  it  almost  impassable. 
We  canuot  conveniently  visit 
this  region,  but  we  supply  in 
Fig.  ;J1  a  perspective  view  of 
the  "  Grand  Canon  "  at  the  foot 
of  the  valley  of  the  Toroweap, 
and  of  some  of  the  contiguous 
country.  The  total  chasm  pre- 
sents itself  in  two  stories.  The 
nnlls  of  the  outer  canon  stand 
five  oraix  miles  apart,  and  about 
^,00(1  feet  high.  The  inner 
cafion  is  4,000  feet  wide  and 
;{,00(1  feet  deep.  At  the  bottom 
tlows  the  diminished  river,  about 
300  feet  across.  Tho  rocky  beds 
which  outcrop  in  the  nearly  ver- 
tical walls  vary  in  colors  from 
brilliant  red  to  creamy  yellow- 
TiiKxrEALEiv,  WiH..     isl)  sud  gray.     But  we  must  not 

0  iiivtii     BitoBiuN.     ,,„tp[.    here    into   any    detailed 
statements.     For  these  we  refer 

1  ihc  (flowing  pages  of  Captain  Dutton's  dcsorip- 
'  Tortinrv  History  "f  the  Grand  Cafioii  District," 
of  the  United  States  Geological  Survey  for  1881. 
iti])lfH.  with  others  which  may  l)0  familiarly  known 
t,  iljiislrnte  the  destructive  action  of  flowing  water 

the  wcrlcl.  Aggregating  the  effects  of  thousands 
l)egin  to  understand  how  enormous  has  been  the 
I  uT  sediment  into  the  sea  through  the  agency  of 
IV  va^t  has  liecn  the  destruction  of  the  land.      If  wo 

lake   iir   ocean   shore,  wo   shall  witness  a  different 
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(  af^ent.  Historical  recorda  assure  us  of  vast 
k1  on  many  an  exposed  coast ;  and  we  shall 
■iirii  liiTeafter  that  ocean  waters  have  in  other  ages  covered  ex- 
^iisive  aivas  mow  dry  Innd,  and  have  worn  down  the  surface  hun- 
rods  iind  ihonsaiids  iif  fi-et.  The  very  cafloii  just  tiietitioned  U 
Lit  lu  H  ]ilateai.i  whivli  has  ilsidf  been  lowered  by  erosion  to  the 
\t<'iit  of  10,0110  feet;  and  this  plateau  occupies  an  area  of  13,000 
.  1.^,000  stjiiare  miles.  The  student  may  calculate  how  many 
iihii'  vHrds  the  land  lias  lust,  and  how  many  have  been  spread 
ver  the  bottom  of  the  sea. 

Tlic  evidences  of  the  p^rcat  wasta);e  of  the  land  in  times  past 
in  cviTywhere  lie  seen.     Sometitnos  c.vleiisivc  masses  are  under- 
liiLcd,  and  tumble  down.     This  accelerates  their  iinal  disappear- 
iK'i'  <  FifT.  '.i'i).     In  the  year  ViiH  a  large  part  of  a  mountain  in 
Savoy  fell    to    the  plain,  under   the 
action  of  frost.     The  mountain  rose 
4,000  feet  above  the  plain,  and  was 
capped  by  (iOI)  feet  of  limestone.    The 
undermining  of  this  mass  caused  the 
]>rccipitation  of  sufficient  material  to 
cover  nine  square  miles   with   frag- 
ments, and  entirely  bury  five  parishes, 
together  with  the  town  and  churoh  of 
fit.  Andre.     In  1751  a  series  of  ava- 
lanches fell  during  several  days  from 
it    mountain   near  Servos,  in   Savoy, 
twenty-five  miles.     The 


i  15.000,000  cubic  feet.     Many 


licli  soiii  .i|.  ;t  cloud  of  dust  1 
luiint  of  material  precipitated  wi 
niliir  cases  could  be  cited. 

This  underminining  ]iroeess  is  the  method  of  recession  of 
ifer-falls,  as  will  be  shown  hereafter  (Figs.  305  and  306). 

The  central  part  of  Tennessee — that  known  as  the  "oetitral 
sin"  —  is  a  vast  sunken  sren  more  than  a  hundred  miles  in 
uiieier  ;  and  this  has  evidently  been  produced  by  the  removal 

ni;iuv  ciil>ic  ndlos  of  rocky  material  through  some  process  of 
isiiiii  ill  times  |iast.      All  around  the  border  of  this  basin  rise  the 


rooky  walls  of  the  remaining  por- 
tions of  tbe  formations  a  hundred 
feet  high,  or  more.  In  East  Ten- 
nessee is  another  valley  formed  by 
extensive  erosion.  These  are  shown 
in  the  cut,  Fig.  33.  See  also  how 
the  nearly  vertical  strata  of  the 
Unaka  range  have  been  worn  down 
to  mere  stumps.  Where  have 
gone  the  continuations  of  these 
upturned  strata? 

We  direct  the  student's  atten- 
tion to  one  more  example.  In 
Fig.  31  is  shown  the  evidence  of 
vast  erosion  in  the  Appalachians. 
Bere  the  actual  surface  is  shown 
along  ABC.  The  sliglit  eleva- 
tion at  A  represents  truly  one  of 
the  ranges  of  the  Allegheny 
Mountains.  B  represents  the  rarig« 
known  as  Bald  Eagle  Mountain. 
Notice  the  foldings  of  the  vast 
series  of  strata.  Xoticc  the  moun- 
tain mass  represented  by  E,  wliich 
once  rose  35,000  feet  above  the 
present  surface,  and  all  lias  been 
oarried  away  by  erosion.  This 
section  is  in  Centre  County,  and 
shows  but  a  fraction  of  a  full  sec- 
tion across  the  Appalachian  chain. 
But  all  the  mountain  elevations 
have  been  similarly  worn  down. 

In  very  numerous  cases  singu- 
lar columns  of  the  eroded  rock 
have  escaped  erosion.  Sometimes, 
as     ill     Monument     Park,     Colo- 
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i&do  (Fig.  36),  und  in  some  parts  of  Wisconsin  and  Minnesota, 
they  have  been  protected  by  a  fragment  of  harder  rock,  which 
rests  on  them  like  a  cap.  Sometimes,  as  in  the  Plateau  Province 
of  Colorado,  the  rock  masses  around  such  columns  liave  been 
worn  avay  by  streams  of  water. 

We  must  not  forget  that  mere  weathering  accomplishes  much. 
This  includes  the  mechanical  action  of  beating  rain,  hail,  and 
snow,  and  disintegrating  frost,  as  well  as  the  solvent  action  of 
water.  On  the  dome  of  St.  Paul's,  in  London,  the  more  rapid 
weathering  of  the  stone  causes  some  of  the  fossils  to  project  a 
quarter  of  an  inch,  as  before  stated.  This  observation,  made  in 
1873,  was  after  an  exposure  of  one  hundred  and  sixty-three  years. 
At  this  rate  7,824  years  would  be  required  for  the  wastage  of 
the  stone  to  exceed  that  of  the  fossil  to  the  extent  of  one  foot. 
As  the  fossil  itself  wasted  probably  half  as  rapidly  as  the  stone, 
we  may  safely  as- 
sume that  the  wast- 
age of  the  rock  was 
not  less  than  a  foot 
in  4,000  years. 

Many  instructive 
examples  of  atmos- 
pheric decay  may  be 
seen  among  granite 
rocks.  Here  (Fig, 
36)  is  a  view  of  the 
summit  of  Mt.  floff- 
nian.  Sierra  Nevada, 
showing  the  bowl- 
der-like forms  re- 
sulting from  atnioa- 
phcric  action.  A 
more  striking  exam-  s„„„.,^.,  r„s,„E«nAT.oN  ..f  r.i,*N.t.^.  .PLMn^TuiXl) 

pie  is  shown  in  Fig. 

37,  where  one  of  the  granite  ridges  between  the  Temescal  and 
San   Bernardino  ranges,  in  California,  is   weathered   to  a  state 


9fi 


OKOLOUItAL 


which  preseLits  tlie  appearanoa  of  a  Iiowldcr-Btrfwii  Burfaco.  The 
weathering  of  granito  is  peculiarly  apt  to  result  in  I >o wider-like 
forms;  niiil  it  can  liurdly  he  iloubted  that  they  liavti  aomutiiiies 
been  mistaken  for  true  placial  bowlders,  even  in  tropieul  countries. 
Much  iitteiitluii  has  beeu  given  to  th«  wastage  of  the  land 
generally.  Some  good  authorities  conclude  ihat-  most  continental 
surfaces  are  lowered  by  erosion  not  less  than  a  foot  in  six  thou- 
sand years.  It  has  lately  been  calculated  by  T.  Mellard  Readd 
that  when  we  take  account,  also,  of  wastage  by  solution,  the  sur- 


i 


fai'e  of  the  basin  of  the  Miasiseippi  is  lowered  a  fool  in  rmir 
thousand  five  liundred  years;  and  that  one  hundrrd  ions  urn 
removed  aTniniilly  from  every  square  mile  of  the  two  Amerit^as. 
The  wastage  of  the  land  is  called  dnmtdatioii. 

So  wc  may  barn  that  there  has  been  vast  deslniclion  uf  iho 
rocks  during  the  course  of  many  ages.  They  have  been  gradually 
reduced  to  gravel  and  mud,  and  eveti  solutions,  and  carried  off 
by  the  streams,  to  be  laid  down  on  the  plntns,  or  sprtjad  as  sedi- 
ment, if  undissolved,  over  the  bottom  of  the  sea.  [For  other 
interesting  iliustrations  of  erosion  see  Figs.  S5,  86,  95,  55,  and  fifi.] 
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EXERCISES. 

From  what  are  sand  and  mud  derived?  Was  the  Mississippi  nuid  ever 
in  a  rock  condition?  How  might  it  be  made  rocky  again?  Would  it  become 
chalk?  Could  it  be  made  a  granite ?  What  agents  produce  sand  and  mud 
from  the  rocks?  How  does  frost  act?  How  does  a  stream  of  water  act? 
Mention  some  ravine  excavated  by  running  water.  Is  the  excavation  in 
drift  or  solid  rock?  Where  hiis  the  material  been  carried?  How  far  can  you 
trace  it  in  thought?  What  is  the  source  of  the  sediments  of  the  Mississippi? 
Which  is  most  turbid,  the  Upi^T  Mississippi  or  the  Missouri?  What  is  the 
cause  of  the  difference?  Whence  comes  the  mud  which  forms  the  Vmr  of  the 
Mississippi?  What  is  the  color  of  the  water  in  the  lower  Mississippi?  What 
is  the  color  of  the  water  in  the  bayous  of  Louisiana  and  Mississippi?  Has 
the  Red  River  any  delta?  Would  the  erosions  of  the  Missouri  and  the 
streams  which  feed  it  have  any  tendency  to  lower  the  Rocky  Mountains? 
Where  are  the  sources  of  the  Ohio?  Does  New  York  state  contribute  anv- 
thing  to  the  bar  of  the  Mississippi?  What  is  the  effect  of  denudation  on  the 
depth  of  the  soil?  Are  the  soils  generally  disappearing?  In  what  situations 
are  soils  accumulating?  If  a  hundred  tons  of  material  disappear  annually 
from  every  square  mile,  to  what  extent  does  this  lower  the  surface?  [Calcu- 
late by  assuming  a  mean  specific  gravity  for  the  material.]  Why  do  bed  rocks 
project  above  the  soil  in  some  places  and  not  in  others?  Is  there  any  danger 
of  the  disappearance  of  the  soil  in  a  hilly  country?  Which  surface  lowers  most 
rapidly,  that  of  West  Virginia  or  that  of  northern  Illinois?  Can  you  think 
of  any  reason  wliy  the  plateaus  of  Colorado  and  Utah  are  more  denuded  than 
the  surface  of  Louisiana?  Sup|K)se  the  stone  on  the  dome  of  St.  Paul's 
Cathedral  in  London  is  still  one  foot  thick,  how  thick  will  it  be  (on  the  data 
given)  one  thousand  years  from  now,  if  the  cnthednil  is  still  standing? 


STUDY    XVU.—^Strata,  and  What  They  Teach. 

Most  students  of  geology  have  been  at  some  time  in  a  stone 
quarry.  There  they  have  seen  the  quarrymeii  drilling  and  blast- 
ing and  prying  to  remove  slabs  or  layers  of  the  rock.  Such  slabs 
are  used  in  the  stone  walls  of  houses,  sometimes  in  sidewalks, 
and  sometimes,  where  they  are  thin  layers  of  slate,  they  are  em- 
ployed in  roofing.  In  quarries  of  granite  or  otlicr  crystalline 
rocks,  the  slabs  are  very  tJiick,  as  you  have  alrt»ady  learned,  and 
the  stones  are  worked   out  in  large  cuboidal  blocks.     But  in  al- 


inoet  every  case  you  will  iioliue  thai  ihe  rocks  in  tlio  quarry  lie  ih 
layers,  thick  or  thin.  Each  layer  is  a  stratum,  and  I 
layers  are  called  strata.  We  often  also  call  them  beds.  If  yuii 
go  back  to  Watkiiis'  Glen,  Fig.  '^8,  you  perceive  that  the  strata 
are  quite  thin  or  slaty,  or,  as  we  have  before  said,  tkin-bediM. 
The  rocks  shown  in  Fig.  29  are  also  tbin-bcddcd.  In  both  cases 
Almost  everywhere  the  stratifi- 


the  strata  are  nearly  horizi 
cation  or  bedding  of  the  rocks  c 
ascertain  how  the  bedded  structi 
Vou  have  si'cn  the  brooks  i 
the  land.     You  have  seen  the  w 

have  thought  on  the  slow  disintegration  of  all  the  surface  r< 
by  rains  and  frosts,  and  the  perpetual  wearing  of  the  loose  mate- 
rials of  the  drift;  and  you  have  seen  the  waters  carrying  uway 
the  sediments  to  the  sea.     In  thought  you  have  followed  thoso 


be  detected.     W»?  must  try  to 
re  has  been  produced. 
lid  rivers  at  work  tearing  dowu 
ives  corroding  the  beach.     You 


sediments  in  t 

have  seen  them  lying 

and  bits  of  coral  and  bones  of  tish 

growing  deposit.     What  appearan 

in  case  a  few  acres  of  sea  bottom 

inspected  V     The  sediments  "would 

each  other.     They  would  i>e  distin 

by  different  degrees  of  fineness: 

the  la; 


bottom.  You 
ating  there,  while  dead  shells 
es  have  been  mingled  with  the 
L!e  must  the  sediments  present 
could  be  taken  out  bodily  and 
consist  of  layers  parallel  with 
g-uished  by  different  colors  and 
Imbedded  in  the  subatance  of 
Id  be  the  relics  of  the  animals  which  have  lived  iu 
the  sea.  Is  this  a  correct  statement  of  what  you  would  see? 
Think  about  it.  The  depth  of  the  accumulated  sediments  would 
correspond  to  the  time  spent  in  their  accumulation.  You  might 
look  at  them  and  reflect:  "These  layers  of  mud  and  sand  were 
once  far  inland.  They  were  once  part  of  the  soil  of  cornfields 
and  gardens.  Crops  grew  on  them.  The  gully  in  the  road  was 
made  by  the  removal  of  them.  They  name  down  the  rivers. 
Some  started  on  the  slopes  of  distant  mountains.  The  Missouri 
brought  some  from  the  gorges  and  summits  of  the  Rocky  Moun- 
tains. Some  came  out  of  the  depp  and  gloomy  canons  of  the 
Colorado,    Some  came  from  Ihe  storm-torn  bluffs  nt  Long  Branch 


STRATA,   AND   WHAT  THEY   TEACH.  99 

or  Coney  Island  or  Gay  Head.  Some  was  yielded  by  the  slowly 
dissolving*  promontories  of  Nahaiit  and  Marblehead." 

That  is  what  you  might  think;  aiid  such  reflections  are  sug- 
gested by  our  observations  on  the  processes  of  erosion  and  sedi- 
mentation. Now  su])pose  the  layers  of  sediments  pressed  by 
thousands  of  tons  of  weiglit.  The  deeper  ones  are  so  pressed  when 
many  feet  of  later  sediments  are  deposited  upon  them.  All  are 
sa  pressed  by  the  mere  weight  of  deep  water.  They  would  thus 
be  condensed  into  a  solid  slate  —  like  tlie  paper  pulp  which  is 
manufactured  into  car-wheels.  They  would  be  rocks.  The  rocks 
would  be  composed  of  strata.  The  thin  layers  would  be  Uuninw. 
The  shells  and  corals  pressed  in  the  rocks  would  hQ  fossils.  This 
is  almost  exactly  what  we  have  at  Watkins'  Glen,  and  in  the  ma- 
jority of  the  rocks  underlying  the  country.  All  our  limestones, 
sandstones  and  shales  were  once  just  such  sea  sediments.  The 
limestones,  however,  contain  a  very  large  proportion  of  matters 
contributed  by  the  decay  of  shell-bearing  animals. 

You  have  already  learned,  however,  that  niany  rocks  do  not 
exhibit  so  distinct  evidences  of  stratification  as  mav  be  seen  in 
ordinary  sandstones,  shales  and  limestones.  In  fact,  most  of  our 
bowlders  are  only  obscurely  stratifiecK  because  rocks  of  this  kind 
resist  destruction  more  successfully  than  the  rocks  more  distinctly 
stratifled.  These  hard  or  crystalline  rocks  come  to  the  surface, 
or  outcrop^  in  most  parts  of  New  England  and  along  our  northern 
border.  But,  as  before  said,  they  are  really  stratified,  and  must 
be,  therefore,  of  sedimentary  origin  like  the  others.  They  have, 
therefore,  been  altered  since  they  existed  in  a  condition  similar  to 
the  others.  This  alteration  is  known  also  as  met  amor phism.  The 
causes  of  it  have  been  much  studied;  but  there  are  still  some 
mysteries  about  it.  We  understand,  however,  that  great  press- 
ure, great  heat,  and  chemical  operations  have  had  much  to  do 
with  metamorphism.  The  effect  of  it  is  to  render  a  rock  less  dis- 
tinctly stratified,  harder,  more  crystalline  and  less  clearly  fossilif- 
erous.  So  metamorphism  impresses  characters  which  are  easily 
observed. 

When  we  find  metamorphic  rocks  in  j^Utce,  that  is,  in  solid 
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ledges  instead  of  bowlders  or  detached  rrHgincnts,  we  generally 
find  liiem  iiiiderlving  in  relative  position  all  the  noii-ioetamor- 
phic  rocks.  This  is  plainly  seen  when  we  are  able  to  trace  ihem 
to  their  oojiiftct  with  other  rocks.  In  Fig.  .^8,  a,  granite,  and  b, 
gneiss,  are  meianiarphio  or  crystalline,  ami  r,  a,  sandstone,  is  un< 
crystalline.  Now  if  we  start  from  the  liighest  point  and  travel 
toward  the  sandstone,  we  find,  on  reaching  it,  that  it  ooerlieg  the 
gneiss,  as  the  gneiss  overlies  the  granite,  Now  notice  that  iho 
granite  and  gnoiss  not  only  underlie  the  sandstone  at  the  point  ot 
contact;  they  are  everywhere  atratiffraphieaUy  loiptr  than  the 
sandstone,  even  where  their  outcrops  are  topo([rap?ncallj/  highei* 
than  the  sandstone  This  frequent  arrangement  of  strata  in 
respect  to  positions  it  is  \ery  uii|)ortant  to  observe  and  under- 
stand.    An  onlrrnp  of  one  stratum  at  a  higher  level  than  anolher 
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does  not  indicate  whether  it  is  strati  graphic  ally  higher  or  lower. 
We  must  take  particular  notice  of  the  dips  of  the  two  strata. 
The  dip  is  the  direction  in  which  they  incline  downward.  In  Fig. 
38  the  gneiss  and  the  sandstone  dip  in  the  same  direction;  but  as 
the  gneiss  hits  the  greatest  dip  it  pusses  under  the  sandstone. 
This  is  a  case  of  uticovforinahUitij  —  the  two  dips  being  different. 
The  position  of  the  sea  bottom  was  different  when  the  gneiss 
materials  were  laid  down  from  its  position  wh(tn  the  sandstone 
materials  were  laid  down.  This  single  observation  shows  that 
the  sea  bottom  has  sometimes  undergone  a  tilting  or  inclination, 
and  that  afterward  later  sedimenta  have  been  laid  down. 

Look  again  at  Fig.  38.  Here  is  also  n  repoi-d  of  erosions, 
Tiie  gneiss  on  one  side  of  the  granite  dips  in  a  direction  opposite 
to  the  dip  on  the  other  side.  Suppose  the  granite  could  be 
pushed  down  so  as  to  lower  the  gneiss  to  a  horizontal  position; 
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the  gueiss  of  tlie  two  sides  would  become  nearly  continuous, 
only  some  portion  would  be  wanting.  Now  we  may  fairly  assunie 
that  the  anticlinal  position  (both  ways  dipping)  of  the  gneiss  lias 
resulted  from  the  uprise  of  the  granite  from  beneath  the  for- 
merly horizontal  gneiss.  If  so,  the  gneiss  may  have  been  origi- 
nally continuous  over  the  summit  of  the  uplifted  granite,  and 
have  been  subsequently  removed  by  processes  of  erosion.  In 
such  case,  the  outcropping  extremities  of  the  gneiss  strata  are 
the  mere  stumps  of  a  wasted  formation,  and  have  been  brought 
to  a  position  higher  than  the  sandstone  by  an  uplift  subsequent 
to  the  deposition  of  the  gneiss  sediments.  We  might  reasonably 
conclude  that  there  has  been  another  uplift  since  the  deposition 
of  the  sandstones;  for  they  are  also  somewhat  tilted.  Thus  the 
steep  inclination  of  the  gneiss  may  be  the  result  of  two  or  more 
uplifts.     These  things  should  be  much  reflected  on. 

From  the  simple  stratigraphical  observations  thus  far  made, 
we  may  draw  inferences  like  the  following: 

1.  The  duration  represented  by  so  enormous  a  pile  of  sedi- 
ments as  have  come  to  our  knowledge,  must  have  been  vast. 

2.  The  sea  has  covered  all  the  Itnid,  for  all  lands  are  under- 
laid by  sedimentary  rocks.     The  sea  was  once  universal. 

3.  Some  special  action  has  been  exerted  upon  the  sediments 
to  change  them  from  earthy  strata  into  crystalline  rocks. 

4.  The  land  has  resulted  from  an  upheaval  of  the  bottom  of 
the  sea;  and  upheavals  have  occurred  tnore  than  onoe  in  the 
same  region. 

5.  The  upheaval  of  the  sea  bottom  hent  and  fractured  the 
strata,  and  threw  them  into  inclinations  niore  or  less  steep. 

6.  The  work  of  denudation  has  removed  the  upper  strata 
over  the  higher  summits,  and  left  the  strata  lower  in  geological 
position  to  stand  at  hiffher  elevations  than  strata  higher  in  geo- 
logical position. 

7.  The  movement  of  such  enormous  masses  of  rocks  implies 
the  exertion  of  force  mconceivahly  great.  The  nature  of  this 
force  will  be  an  important  subject  for  future  study. 


EXERCIsaS. 


In  irhat  attitude  are  Ityera  of  sediments  ariginaXij  deposit«<l?  How, 
then,  do  we  find  thoiu  almost  always  in  nn  inclined  position  us  strntu?  Did 
yon  ever  notice  strata  standing  almost  on  edge?  Explain  how  this  could  be. 
Give  the  history  of  stmtu  whose  edges  come  up  to  the  sjrtscc  of  the  earth. 
Draw  a  ciiainwn  showing  how  strata  older  in  age  may  appear  higher  topo- 
grftphieally.  Draw  one  showing  how  newer  slmta  nmy  appear  higher  topo- 
graphically. Draw  a  diagram  showing  ci>n forma hility  of  strata.  Draw  one 
showing  nnconformabililT  of  strala.  Suppose  we  have  sevenii  stratn,  of 
which  the  lower  is  composed  of  pebbles  and  liie  otliere  are  progressively  finer, 
what  eonditions  pri«luced  tliis  result?  Suppose  we  can  trace  a  Bttutum  for 
many  mile^  and  find  it  graduating  from  a  eonglornerate  to  n  coarse  eatidtitone, 
and  then  to  a  fine  one;  explain  this.  If  we  eonld  trace  it  further,  what  fur- 
thcr  change  might  be  expected?  In  what  direction  do  older  strata  dip  in 
reference  to  newer?  In  what  direetion  do  newer  etrota  dip  in  reference  to 
oilier?  Can  you  give  any  renson  why  metamorphic  rocka  are  generally  mnre 
deeply  seated  tlian  others? 


STUDV  XVlU.—FoMiLi,  aufl  W/.at  Th.'n  Ttmh. 

Now,  oriee  more  let  us  carry  our  thoughts  buck  to  the  bottom 
of  the  sea,  where  the  aedimeiita  are  Qontiuunlly  burying  the  or- 
ganic relics  of  the  sea.  Relics  once  buried  become  buried  deeper 
and  deeper.  By  und  by  some  of  them  are  a  hundred,  or  even  a 
thousand,  feet  beneath  the  ocean  bed,  and  the  sediments  are  bo- 
coming  subjeeted  to  an  enormous  pressure,  and  are  hardening  into 
solid  strata.  Now,  the  amount  of  sediment  in  sea  water  far  from 
land  is  generally  small.  The  accumulation  of  successive  layers 
is,  therefore,  very  alow.  We  can  undersland  that  when  they  have 
become  a  thousand  feet  deep  probably  many  thousands  of  years 
must  have  passed  by.  In  that  time  the  inhabitants  of  that  part 
of  the  ocean  may  have  changed  greatly.  The  water  is  now  a 
thousand  feet  shallower  than  it  was.  The  deep-water  species 
which  dwelt  there  at  first  have  migrated  to  a  region  where  the 
water  is  still  deep.  Shallow-water  epecies  are  here  now.  So  the 
remaijLs   of  the  former  kind  are  imbedded  in  the  deep  sediments, 
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and  those  of  tlie  latter  kind  in  the  later  sediments.  But  the 
ocean  bottom  sometimes  eliangcs  its  level.  If  it  has  been  sink- 
ing here,  the  depth  may  be  as  great  as  at  first;  but  if  it  has  been 
rising,  the  depth  is  diminished  even  more  than  is  due  to  the  ac- 
cumulation of  sediments.  Perhaps  the  nearest  land  has  been  more 
upraised,  and  the  shore  is  now  nearer  to  this  spot;  coarser  sedi- 
ments are  now  deposited  here;  the  mud-loving  populations  have 
emigrated,  and  tliis  place  is  taken  by  populations  which  like  a 
sandy  bottom.  If,  therefore,  we  could  examine  an  extensive 
series  of  strata,  we  should  find  them  distinguished  by  their  or- 
ganic contents^  as  well  as  by  their  constitution  and  color. 

Now  let  us  examine  such  a  series.  PCvery  high  rock  precipice 
presents  one;  every  deep  river  gorge  presents  one;  the  canons  of 
the  Colorado  present  magnificent  examples.  Let  us  put  different 
series  together,  so  that  we  may  inspect  a  continuous  series  from 
the  oldest  rocks  known  up  to  the  latest.  The  column  is,  say,  a 
hundred  thousand  feet  high  (see  this  in  Fig.  39).  What  is  shown? 
Something  even  more  instructive  than  would  have  been  antici- 
pated. TJie  lowest  rocks  are  granites,  and  gneisses,  and  crystal- 
line schists.  They  contain  no  fossils.  Either  there  was  no  life  in 
the  ocean  when  they  were  formed,  or  its  relics  have  been  oblit- 
erated by  metamorphism.  But  we  must  not  say  there  was  no 
life.  Very  rarely  some  obscure  traces  are  seen  in  some  of  the 
serpentinous  marbles  well  toward  the  bottom  of  the  series.  They 
are  extremely  simple  in  organization.  We  shall  study  them  here- 
after, and  learn  that  they  belong  to  the  sub-kingdom  of  j^'^oto- 
zoans  —  the  simplest  of  all  animals.  Above  the  level  of  the 
crystalline  rocks  we  find  organic  remains  quite  abundant.  Some 
of  them  are  univalve  shells;  some  are  bivalves;  some  remind  us  of 
certain  crab-like  forms,  and  some  are  entirely  strange  and  curious. 
But  they  are  all  marine  invertebrates.  We  find  nothing  with  a 
backbone  ;  we  find  nothing  which  lived  on  the  land  ;  we  find 
nothing  nearly  related  to  creatures  which  inhabit  fresh  water  in 
our  times. 

The  relics  of  marine  invertebrates  are  found  all  the  way  from 
this  level  to  the  top  of  the  series.     But  somewhat  further  up  we 
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encounter  the  bones,  and  teeth,  and  armor  plates  of  fish-like  creat- 
ures. True,  they  are  not  much  like  the  remains  of  modem  fishes; 
but  we  call  them  fishes.  These  creatures  were  at  least  bone-bear- 
in<»-,  and  though  without  backbones,  they  had  something  corre- 
sponding to  the  backbone.  They  were  vertebrates/  but  they 
were  marine  vertebrates,  if  we  may  judge  from  the  remains  of 
other  marine  animals  surrounding  them.  These  very  peculiar 
fishes  do  not  continue  to  the  top  of  our  series;  they  seem  to  have 
lived  only  during  a  certain  age  of  the  world.     (Compare  Fig.  39.) 

Next  we  come  to  a  zone  of  strata,  in  which  lie  the  vertebrae, 
skulls,  and  other  remains  of  creatures  related  to  our  frogs  and 
salamanders.  They  were  of  the  type  of  amphibians.  We  feel  jus- 
tified in  concluding  that  they  lived  on  the  land  and  breathed  air. 
When  they  perished,  their  remains  were  borne  into  the  sea  by 
torrents  and  floods;  and  they  left  for  us  the  record  of  their  exist- 
ence. With  them  we  find,  also,  the  relics  of  fishes  less  abnormal 
than  the  earlier  ones;  and  also  an  abundance  of  shells  and  corals, 
difTerent  from  the  older  ones,  but  still  mostly  unlike  the  familiar 
forms  of  modern  times.     (Compare  Fig.  39.) 

We  are  rising  now  toward  the  top  of  the  series.  For  the  first 
time  we  encounter  the  remains  of  reptiles.  There  are  various  re- 
liable means  of  distinguishing  them  from  the  bones  and  teeth  of 
all  other  vetebrates.  These,  of  course,  breathed  air  and  dwelt 
mostly  on  the  land.  We  notice  a  wonderful  diversity  among 
them,  and  we  feel  curious  to  learn  what  these  various  reptilian 
creatures  were  like.  We  shall  take  great  delight  in  studying 
them  by  and  by.  Toward  the  top  of  this  reptilian  zone,  where 
the  reptilian  remains  are  less  bulky  and  less  numerous,  we  dete*  t 
some  relics  which  must  be  ascribed  to  birds.  In  the  midst  of 
this  zone  we  find  also  the  teeth,  bones,  and  scales  of  fishes  resem- 
bling modern  types. 

Now  we  reach  the  upper  zone  of  the  long  series  of  strata. 
Here  still  are  the  relics  of  marine  invertebrates,  of  fishes  like  the 
last,  together  with  occasional  reptiles  and  birds.  But  here  is  also 
something  very  different.  Here  are  the  bones  and  teeth  of  mam- 
malian quadrupeds.     Here  are  the  unmistakable  relics  of  land- 
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dwellers,  which  must  have  resembled  the  modern  rhinoceros,  pig, 
sheep,  and  horse,  and  other  species  of  mammals.  It  is  easy  to 
perceive  that  they  were  not  exactly  like  our  modern  quadru- 
peds, but  they  resembled  them ;  they  were  land  animals,  and  were 
mammcUs. 

Notice  that  in  all  this  succession  we  have  not  found  a  bone 
or  a  tooth  which  could  be  pronounced  himian.  There  is  no  rea- 
son why  human  bones  alone  should  have  disappeared.  We  are 
constrained  to  believe  that  man  did  not  exist.  .  All  this  succes- 
sion of  organic  forms  excluded  man.  He  has  appeared  last  of 
all,  and  all  his  remains,  and  all  the  remains  of  his  industry  lie 
upon  the  surface,  or  buried  near  the  surface,  in  deposits  laid 
down  since  the  great  work  of  rockmaking  was  ended,  except  in 
the  depths  still  submerged  beneath  the  ocean. 

Arranging  this  succession  in  a  more  synoptical  form,  and 
placing  the  older  types  at  the  bottom,  so  as  to  stand  in  the  actual 
order  of  superposition,  it  will  appear  thus: 

7.    Man.     Remains  found  on  the  mere  surface  of  the  earth. 

6.   Mammals.     In  the  latest  system  of  sedimentary  rocks. 

5.   Reptiles  and  Birds.     In  the  middle  zone  of  the  geolog- 
ical column. 

4.    Amphibians.     The  earliest  air  breathers. 

3.    Marine  Vertebrates.     Fish-like,  but  not  true  fishes. 

2.    Marine  Invertebrates.     Molluscs,   crustaceans,  corals^ 
etc. 

1.    Protozoans  (in  crystalline  strata).     Simplest  of  all  ani- 
mals. 

This  succession  of  organic  types,  ranging  from  the  bottom  to 
the  top  of  the  stratigraphic  series,  is  something  very  suggestive 
and  very  important.     Let  us  think  about  it. 

1.  The  variations  among  these  fossil  remains,  from  stratum  to 
stratum,  are  much  greater  than  would  result  from  simple  changes 
in  depth  of  water  or  nature  of  the  bottom.  They  are  variations 
in  rank  and  in  class  type  and  even  in  sub-kingdom. 

2.  The  general  tenor  of  the  variations  is  an  improvement  in 
rank. 
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3.  Tliore  must  have  been,  corresjioiidiiigly,  »  continuoui  K 
pro'jressife  improvement,  in  the  et.miiiHon«  of  tl'o  world  in  their 
relation  to  organiu  life. 

4.  The  lime  deuiaDded  for  llieee  ohuttges  mitnl  hmw  item  vant, 
if  we  may  judge  from  the  elowiicss  of  chnii;;ca  tnkinff  place  un- 
der our  observation, 

5.  In  the  earliest  ngca  thiTn  irii/i  no  Inml;  all  tht>  opeaifB 
were  marine. 

(i.  If,  as  we  have  already  inferred,  the  laud  r^Biilti-d  from  up- 
iieaval  of  sea  bottom,  it  ia  prob&bie  the  first  landa  wero  of  very 
limited  extent,  and  gradually  widened  tiiGinselv<>s  with  auGC6i$it'e^ 
iipheavaU. 

7.  Since  we  know  that  in  modern  limos,  the  existcnoi;  nf  land 
elevations  interferes  with  the  iiorniiil  clrculatifin  of  Uu-  wators 
and  the  atmosphere,  producing  uxtremea  of  sciuona,  and  abrupt 
climatic  vicissitudes  throughout  the  year,  wo  may  inter  tiiat 
wlien  the  lands  were  teas  developed,  the  seuisona  wera  leas  extreme 
and  the  climates  more  utii/orm. 

8.  These  things  being  so,  the  [irimiltvu  species  cif  animals 
must  have  had  a  much  xnider  gcograyhiciil  diittrihittion  than  the 
Jater  species. 

These  uouclusioiiB,  indicated  by  our  first  glance  at  the  records 
of  historical  geology,  will  be  found  confirmed  by  all  our  laltr 

The  progreaa  of  life  on  the  earth  supplies  the  ground  for  a 
ctassi  heat  ion  of  geological  time.  The  facts  just  stated  mark  off 
seven  grand  eraa  in  the  world's  history,  as  shown  in  the  right-hand 
column  of  Fig.  39.  Whou  these  facts  are  oombined  with  all  the 
known  facts  of  the  succession  of  life,  we  are  ulTorded  a  classiftca- 
tiori  of  geological  time  as  shown  in  the  two  left-hand  columns  of 
Fig.  39.  The  larger  time  divisions  aro  designated  er<i»  rr  R-ons, 
and  these  are  subdivided  into  uifia.  On  similar  grounds,  ages  are 
further  divided  into  periiid*,  as  mdioatod  in  the  fourth  oolumn. 
The  rocks  receive  the  same  classilication  as  timo,  and  the  group- 
ings  bear  the  same  special  names.  But,  for  tho  general  dcsigna- 
tioiia  of  the  various  rock  cateifories,  tarrashave  been  selected  »p-_ 
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Iiowii  at  the  he»dB  of  tlie  I 


propHate  to  rock  groiipiiigs,  as 
secnnd  and  fourth  columns. 

The  following  scheme  illustrates  the  rorrelnt ions  of    terms 
used  in  refi-ronce  to  rocks  and  time,  as  alau,  the  reL-ognized  order 

of  Huhoidiiiatioii  in  each  categorj-: 


.»  CaligoHfK 


Bock  rntforia, 
aSK&T  SYSTEMS. 


KXKHCISKS, 

Wliy  <lo  liino^tones  afford  iiiun>  tiiteiU  lliaii  L'ouj^ltiim'riilra''  Whf  ilii  <hv 
flnit  ililTrrent  fossiU  in  limestones  and  »halM?  What  W(-n>  I  lie  olialea  when 
thenniinul  reuittiita  were  Bccuinulnling  in  lhsm7  Whut  kind  of  «-diinont.ii 
uci-uiniilatc  n^nr  the  Kliore?  Explain  how  uliangcs  of  Itrrei  might  changu  Ih? 
cburacteror  thesealNittnin.  IIuw  might  Iho  uphcnvnlfiC  a pmniniitorj aHeot 
the  bottom  hi  a  roritibi)oii»  Imf !  Would  j-oti  ox{iect  tho  remains  of  pknt«  la 
Ih'  fninid  sometiiiu's  t'liilH'iIdml  in  the  BlriLtn?  Should  those nlsotwoalled  fo»- 
wl-?  WiiiLld  Ihey  Ic  murine  nr  twTOtrinl  plants?  Would  t*m'strial  plant-' 
be  more  nbimdHut  in  Che  esrllor  or  tlid  later  ag^'^l'  Wliy?  SlimiKI  vro  m/ 
'■  Kuvoiimn  Period"  or  "Devonian  Ajft''?  Conwet  I.he  following  ei|ms- 
>'um»:  Primordial  Sjrstem;  Hamilton  Ago;  Cr»tAcaoa»  En;  Mewnwic  P»- 
I'IihI;  Piilienz>)ir-  A^;  Clieminiii;  Age;  Cumbrian  Group. 


STUDY    XIX.— //."'■  i/it  S/ralaare  DiapHBed. 


We  linil  the  bed-rock  everywhere — ^nither  at  the  surface  or 
itoniediately  underneath  the  unconsolidated  surface  materialB, 
From  what  ive  liuve  seen  and  reasoned  it  appears,  therefore, 
that  the  ocean  has  rested  over  every  portion  of  the  earth's 
surface.  We  have  seen  reason  lo  conclude,  also,  tliat  there  was  a 
jirimitive  period  during  which  it  covered  the  whole  earth  at  onoe. 
The  sheet  of  sediinenls  then  deposited  must  have-  enwrapped 
the  earth  somewhat  likti  u  coat  of  an  onion — at  least  we  may 
•  that  for  thti  prescnl.      But.  ns  we  have  noted  ovidenoea  of 
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uplift  and  subsidence  in  the  bed  of  the  oceaa,  the  primitive  sheet 
became  somewhat  irre^lar.  And  further,  since,  as  we  have  con- 
cluded, land  resulted  from  upheavals  of  sea  bottom,  there  must 
have  come  a  time  when  sea  sediments  were  not  deposited  over  the 
whole  earth,  for  some  portions  were  above  water.  And  finally, 
since  the  extent  of  the  land  appears  to  have  been  always  increas- 
ing, the  area  of  sea  sedimentation  has  been  continually  decreasinj;. 
Hence  we  understand  that  the  oldest  formations  were  universal, 
and  later  formations  have  been  successively  more  restricted  in 


extent.  We  may  therefore  discover  the  limiting  borders  of  a 
formation  at  any  place  which  happened  to  be  the  sea  shore  at  the 
time  when  the  sediments  were  accumulating  out  of  which  it  has 
been  formed. 

In  a<ldition,  it  will  he  remembered  that  erosion  of  exposed 
formations  has  always  been  in  progress.  Some  liave  been  eroded 
quite  through,  as  shown  in  Fig.  38;  their  worn  edges  are  pre- 
another  important  cause 


sented  to  view,  and  thus 


why  most  i 
extent. 


f  the  formations,  as  we  find  ther 
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We  must  iirit,  therefore,  conceive  the  entire  series  of  'roclcy 
sheets  as  enwrapping  the  parth  in  tho  style  shown  in  Fig.  40. 
Tiie  arrangements  sliowi)  in  Kig.  41  cojivey  u  jualer  impression; 
but  it  will  be  borne  in  mind  tliat  ihi?  slratifiecl  portion  of  Iha 
earth  is  vastly  less  than  liei^  riMireKenlciI;  nnd  the  disturb&i 


d. 


th. 


I,  greatly  less.     The  diagr&m   is  simply   intKnilw]    In  rcmiiir 

ir  the  grent  fact  of  disturbance  of  thn  strata  >>t  successive 

pochs.     Here    it    appears   that    the    dislocations   of    the    strata 

distortion  of  the  enrtii's  form.     T 

the  depressions,     Theso  are  not  always,  at  least  under 

k'r  bodies  of  water,  syiivlimil  basins — that  ia,  resulting 
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from  the  bending  down  of  the  strata.  Some  depressions  result 
from  erosion.  Elevations  above  the  ocean  level  constitute  the 
land.  It  also  appears  tliat  rocks  of  any  age  may  occupy  the  sur- 
face. The  oldest,  or  Eozoic,  may  rise  to  the  summit  of  high  ele- 
vations, or  may  lie,  or  even  outcrop,  at  much  lower  levels  than 
the  later  systems  of  strata.  This  diagram  may  be  considered  a 
sectio7i  through  the  earth.  The  exterior  portion,  showing  systems 
of  strata,  constitutes  what  is  called  the  crust.  Of  the  interior 
we  know  nothing  from  observation.  The  Eozoic  strata  which,  in 
some  places,  as  under  d  and  d'\  lie  many  thousand  feet  deep,  in 
other  places  rise  to  the  surface,  and  thus  bring  us  information  of 
the  crust  to  such  depths  as  they  attain.  The  student  should  com- 
pare this  diagram  with  Figs.  38,  34,  33,  and  31. 

Now  we  must  explain  some  points  which  will  require  much 
patience  and  close  attention.  You  will  notice  that  the  only  sys- 
tem which  couipletely  surrounds  the  earth  is  the  Eozoic,  A,  The 
sediments  were  deposited  when  the  ocean  was  universal.  In  some 
places  the  Eozoic  comes  quite  to  the  surface;  in  others,  as  at 
a  a  a  a,  it  is  overldid  by  all  the  other  systems,  because  in  those 
regions  the  Eozoic  remained  depressed  below  the  ocean  level.  In 
still  other  places,  as  at  h  b  b,  it  is  overlaid  only  by  the  Palaeozoic; 
because  either  those  places  were  not  under  the  sea  after  the  Pal- 
aeozoic aeon,  or  if  they  were,  the  later  sediments  have  been  re- 
moved by  erosion.  In  still  other  places,  as  c  r  c  c,  the  Eozoic 
is  overlaid  by  both  PaljT3ozoic,  /?,  and  Mesozoic,  C;  because  those 
regions  remained  sea  bottom  during  the  Paheozoic  and  Mesozoic 
eras,  and  no  subsequent  erosions  have  removed  the  sediments. 
There  are  only  a  few  places,  like  d  d'  d",  where  any  Qnenozoic 
can  be  seen,  except  drift  or  other  Post  Tertiary,  which  covers 
nearly  all  the  land's  surface,  and  is  not  represented  in  this  dia- 
gram. The  reason  of  this  is,  that  the  sea  still  covers  nearly  all 
regions  covered  by  it  during  the  Cjenozoic  aeon.  In  some  places, 
like  d\  the  Tertiary  (Cttnozoic)  rests  directly  upon  the  Palaeo- 
zoic, or  even  the  Eozoic.  This  is  because  after  the  older  strata 
were  deposited,  the  region  became  dry  land,  and  received  no  more 
sediments  till  the  Qenozoic  aeon,  when  the  region  subsided  and 


112  QBOIiOGIOAL  8TUDU8. 

again  became  sea  bottom.  Thus  a  break  in  the  saooeision  of 
formations  generally  implies  a  period  of  elevation,  followed  by  a 
period  of  subsidence. 

If  you  look  closely  at  this  diagram,  you  will  notioe  an  ap- 
pearance as  if  the  Pabeozoic  and  Mesozoio  strata  had  at  some 
former  time  extended  further  than  at  present.  For  instance,  the 
dotted  line,  c'  c\  shows  what  may  have  been  at  some  time  the 
upper  surface  of  the  Mesozoio.  If  so,  then  the  dotted  line  below 
this  sliows  what  may  have  been  at  the  same  time  the  upper  sur- 
face of  the  Palaeozoic.  In  fact,  on  all  sides  the  arrangement  of 
the  strata  looks  as  if  they  had  been  once  wrinkled  up,  and  then 
tlie  higher  places  removed.  This  is  somewhat  like  the  truth;  but 
we  must  not  suppose  the  Palaeozoic  and  Mesozoio  ever  extended 
quite  over  all  the  Eozoio  which  is  now  at  the  surface.  We  can- 
not say  precisely  how  far  they  ever  covered  the  ESozoic,  because 
it  is  impossible  to  say  how  far  they  have  been  removed  by  eroaion. 
We  are  certain,  however,  that  they  have  been  eroded  to  a  great 
extetit.  And  we  can  understand  that  the  sediment  produced  by 
such  erosions  went  partly  into  the  sea,  and  was  made  over  in  the 
patches  of  tertiary  which  we  observe  wX  d  d  d'  d'\ 

If  the  dotted  circle,  8  8  8^  represents  the  level  of  the  ocean, 
you  can  see  that  some  parts  of  the  crust  rise  above  it  and  form 
the  continents;  and  those  parts  which  rise  highest  are  the  moun- 
tains. You  see,  also,  that  all  the  systems  of  strata  extend  under 
the  sea. 

Now  fix  your  attention  on  the  d  near  the  lower  side  of  the 
diagram,  a  little  to  the  left  of  the  middle.  The  rocks  there  are 
CaMiozoic,  and' you  see  a  section^  or  cut,  right  through  them  and 
tlie  rocks  under  them.  This  section  shows  what  is  the  surface 
extent  of  the  Caenozoic  area  there,  in  one  direction.  Here  it  is 
—  the  distance  from  m  to  n  in  this  little  cut.  Fig.  42.  We  do 
not  ktiow  how  broad  this  Casnozoic  area  is  in  the  other  direction, 
but  let  us  suppose  it  a  little  oblong  in  form;  then  its  other  diam- 
eter may  be  represented  by  o  p;  and  m  p  n  o  will  be  a  mc^  of 
the  CVnozoic  area  of  which  a  section  is  shown  in  Fig.  41  at  df 
near  tlio    lower  side  of   the  figure.     But  then  on   one  side,  ft. 
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of  this  CEenozoic  section  is  a  section  of  Meaozoio  strata.  Let  us 
take  tlie  length  of  this  Mesozoio  section  and  lay  it  off  from  m  to 
r  on  the  side  of  the  map,  Fig.  43. 
As  the  Mesozoic  on  the  other  side  is 
covered  by  the  sea,  we  may  represent 
the  sea  as  bordering  the  Caeiiozoic^ 
and  may  lay  down  as  much  of  it  as 
we  please  —  say  from  n  to  q,  on  the 
other  side  of  the  map;  and  may  as- 
sume that  the  sea  shore  leaves  the 
Ctenozoic  area  at  s  8.  Then  the  dis- 
tance from  r  across  to  n  is  the  whole 
diameter  of  the  Mesozoic  area  to  the 
sea,  including  the  portion  covered  by 
the  C»nozoic.  The  breadth  in  the 
other  direction  is  not  known;  but 
we  may  assume  it  as  extending  from 
f  to  u.  The  whole  size  of  the  Meso- 
zoic ares  not  covered  by  the  sea  wil 
Thistly,  the  Palujozoic  when  laid  down  on 
snrrounding  the  Mesozoic,  as  shown  on  x  i 
littfical  map  sliowing  three  systems  of 
strata;  and  Fig.  43  shows  tlio  appearance 
of  a  section  across  it. 

Now,  once  more.     Fix  your  attention 
on  the  point  f?  in  Fig.  41.     If  we  pro-     F'"* 
oeed  to  make  a  miip  of  tlie  region  around 
this  point,  it  will  look  something  like  Fifj.  44. 
Eozoic  in  the  middle,  and  the  newest  strata  a 


I  be  shown  by  v  I  r  it  w. 
a  map  will  give  a  belt 
/  z.     So  this  is  a  geo- 


ni\  the  border. 


Flnrc,  also,  the  ocean  bounds  the  area  on  o 
tit'ularly  the  dilTcreiice  between  this  map  a 
the  strata  dipped  from  all  sides  toward  the  < 
from  the  centre  toward  all  the  sides.  Thii 
tion  as  seen  at  G,  Fig.  41,  and  better  in 
Mesozoic,  c,  dips  under  the  ocean,  s,  on 
on  the  other;  the  Pal.-eozi 


lide.     Xotic 


id  the 


Thet 
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•xteiitling  on  one  side  under  tho  ocean;  itie  EozOH^ 
fli  dirortionB  iindpr  the  I'ala^zoic.  From  sucli  ob- 
servstious  we  induce  tlie  impor- 
tant principle  lljitl  t]i<^  dip  of 
n  fannntidii  is  always  towarit 
tirwrr  rnrk»  "ml  niray  ^friim 
older  ro^l-a. 

^ow,    for    ft    more    detaileil 

and    extensive    Bei-tion    tlirough 

the  eRrtli'B  cniBt,  let  iis  glniico 

at  Fig.  40.     This  is  not  intondwl 

to  show  what  would   he  seon  in 

any  particular  region,  but  what 

would  he   si.'en   iji  a  good  many 

different   regiono.     The    various 

geological      phenomena      which 

would  h<i   sfpn   in  many  differ* 

"""'""      I  rit  regions  sir  here  all  brought 

together      So  thin  in  not  a  ifat 

section      But  the  stotioii  la  not  imaginary.     Evcrj- 

.1  somowhere      It  nmbraeea  many  features  to 

be    oonsidLred     later     in     our 

course  and  we  shall  frequently 

refer  to  it       For  the  present. 

It  illnslrates    in    anotlior    way 

the   succession    of    strata,    utd 

their    modes    of    superposition 

and  outcrop 

EXKHriRER. 

Ill  Pig.  43.  if  we  travel  from  the  centra  Ui  the  drcninfflrcneo,  do  wo  puss 
from  iu-\Tcr  to  older  rocks,  or  from  older  lo  newer?  If  we  utanil  near  iho 
(■iri'iniitcrciiee,  which  wa;^  do  thtt  slmta  dip?  I)o  tbey  dip  toward  and  under 
Mi'wer  etrata,  or  away  froTH  them  T  If  we  Imre  a  deep  hole  al  the  ccntrr  of 
riji.  42,  wliat  systems  of  rocks  will  we  Jjwib  througli?  11  we  etaiid  ni-iir  llie 
drciunferetice  n(  Pig.  44,  which  way  do  thfi  rocks  dip?    IVi  ilipy  dip  lowiird 
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the  older  rocks,  or  away  from  them?  Must  strata  always  dip  toward  newer 
rcKks,  and  away  from  older  rocks?  Suppose  you  bore  a  deep  hole  near  the 
margin  of  V'lg;,  44,  what  systems  of  strata  would  be  passed  through?  Sup- 
posse  you  bore  at  the  middle  of  Fig.  44,  what  rocks  will  be  passed  through? 
Must  a  geolo«,Mcal  area  necessarily  lie  circular?  Suppose  the  ocean  should 
wiar  away  two-thirds  from  the  area  mapjx'd  in  Fig.  44,  could  you  then  make 
a  ideological  map  of  the  region?  Try  it.  Point  out  places  where  the  Pal«H>- 
zoic  outcrops  in  Fig.  41.  Show  where  the  Eozoic  outcrops.  What  system  of 
rocks  least  completely  enwraps  the  earth?  How  could  it  be  that  Csenozoic 
rocks  should  rest  on  Eozoic,  with  no  Palaeozoic  or  Mesozoic  between  them? 
Make  a  geological  map  of  the  region  extending  from  O  toward  the  left, 
tlirouirh  r.  (J,  and  s  to  h.  in  Fig.  41. 


S'lT'DY  XX. —  Geological  Maps. 

Tho    subject    of    geological    maps   is    another    one    requiring 
thoughtful  attention,  but  one  of  the  very  greatest  importance. 
The  comprehension  of  geological  maps  is  a  great  aid  in  the  com- 
prehension of  geological  facts  and-  doctrines.     In  our  last  Study 
you  observed  small  areas,  as  in  Figs.  42  and  44,  marked  in  such  a 
way  as  to  indicate  the  regions  where  certain  systems  of  strata 
come  to  the  surface.     You  understand,  from  Figs.  88  and  41,  that 
no  formation  occupies  the  surface  universally —  for  we  except  the 
quaternary,  or  drift.     You  understand  that  each  formation  comes 
to  the  surface  in  many  different  places,  and  in  other  places  is  cov- 
end  l)y  newer  formations,  or  was  never  deposited.     You  under- 
stand, consequently,  that  the  whole  surface  of  the  land  is  com- 
posed of  areas  of  outcrop  of  the  various  formations.     We  may, 
therefore,  take  a  map,  and  color  or  mark  these  various  areas  ac- 
cordiniT  to  the  formations  which  come  to  the  surface.     Now,  most 
that  we  can  learn  about  the  earth's  geology  comes  from  a  study 
of  surface  formations.     Tf  we  are  seeking  for  coal,  or  iron,  or  fos- 
sils, we  can  do  but  little  more  than  study  the  formations  at  thesur- 
face.      Hence,  a  geological  map  of  the  surface  conveys  most  im- 
l^ortant  information.     The  geological  investigation  of  a  region 
consists  very  largely  in  perfecting  a  geological  map  of  it. 
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Now,  I  wish  to  offer  you  a  geological  map  of  the  United  States. 
The  map,  Fig.  47,  covering  two  pages,  embraces  the  whole  United 
States  except  Alaska,  though  it  must  be  confessed  some  of  the 
region  west  of  the  Black  Hills  is  delineated  only  in  a  very  gen- 
eral way.  This  is  a  real  map,  which  attempts  to  represent  things 
as  they  are  —  though  not  with  much  detail.  In  one  corner  is  a 
"  legend,"  which  indicates  what  systems  of  strata  are  mapped. 
These  are  the  same  as  the  "  systems  "  in  the  "  Geological  Col- 
umn," Fig.  39,  with  these  exceptions:  The  Laurentian  and  Hu- 
ronian  are  here  thrown  together  as  Eozoic;  theTriassic  and  Juras- 
sic are  thrown  together  as  Jura-trias,  and  the  Post  Tertiary  (or 
Quaternary)  is  disregarded,  except  in  some  districts  west  and 
southwest  of  Great  Salt  Lake,  since  this  is  understood  to  be  every- 
where present,  covering  all  other  formations. 

Taking  up  the  eastern  portion  of  this  map,  fix  your  attention 
first  on  the  areas  marked  Eozoic.  One  large  area  lies  north  of  the 
Great  Lakes  and  the  St.  Lawrence  River  ;  another  lies  along  the 
eastern  flanks  of  the  Appalachian  chain  of  mountains,  extending 
from  Pennsylvania  through  Maryland,  Virginia,  North  and  South 
Carolina  and  Georgia,  into  Alabama.  These  two  Eozoic  masses 
pass  under  all  the  intervening  strata,  and  meet  together.  As  the 
Eozoic  strata  are  the  oldest  known,  the  strata  on  both  sides  of  an 
Eozoic  area  must  be  newer  than  Eozoic,  and  must  overlie  the 
Eozoic.  As  the  dips  are  always  mnay  from  the  older  rocks,  it 
must  be  that  the  rocks  along  the  eastern  side  of  the  Appalachian 
Eozoic  dip  toward  the  southeast,  and  those  along  the  western 
side  toward  the  northwest.  And  so  the  rocks  along  the  border 
of  the  Canadian  Eozoic  must  dip  directly  away  from  it.  That  is, 
along  the  valley  of  the  St.  Lawrence  River,  the  rocks  next  the 
Eozoic  must  dip  southeast ;  in  the  region  north  of  Lakes  Ontario 
and  Huron,  the  dip  must  be  south  ;  in  eastern  Wisconsin,  the  dip 
is  southeast,  and  in  western  Wisconsin  it  is  southwest. 

Southeast  from  the  Appalachian  Eozoic,  we  have  very  little 
except  Tertiary  strata.  These,  then,  overlie  the  border  of  the 
Eozoic,  and  dip  southeastward,  extending  to  the  Atlantic  Ocean. 
Northwest  of  the  Appalachian  Eozoic,  we  find  strata  indicated  by 
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full  oblique  lilies  in  one  direotion,  and  broken  oblique  lines 
otiier  direetion.  These  are  explained  in  the  "  legend  "  to  mean 
that  the  rocks  are  citlier  Cambrian  or  Silurian  (I^wer  Silurian  or 
Upper  Silurian,  as  some  geologists  prefer  to  say),  but  we  have  not 
yet  ascertsiiied  which.  These  must  dip  northwesterly,  away  from 
the  older  Eonoic,  and  toward  the  newer  Upper  Carboniferous. 
Passing  under  all  the  Carboniferous,  tbey  came  to  the  surface 
again  in  Tennessee,  Kentucky,  Ohio  and  Indiana,  where  we  have 
learned  ttieni  well  enough  to  distinguish  both  Cambrian  and  Silu- 
rian (or,  as  some  say.  Lower  and  Upper  Silurian).  On  the  north, 
Cambrian  and  Silurian  come  up  along  the  two  shores  of  Lake 
Ontario.  From  this  region  the  dip  is  southward  all  the  time  un- 
til we  reach  central  Pennsylvania,  In  southwestern  Ohio,  the 
Cambrian,  which  couiea  up  from  the  southeast,  soon  dips  down 
again  toward  the  northwest,  and  passing  under  Michigan  and 
Lake  Miciilgan,  comes  up  again  in  eastern  Wisconsin.  Now,  fry 
and  follow  the  Cambrian  and  Silurian  up  and  down  all  the  way 
from  the  Appalachian  Eozoic. 

You  must  not  be  content  to  simply  read  these  descriptions. 
You  must,  by  all  means,  follow  the  systems  of  strata  on  the  map. 
When  they  go  under,  your  thoughts  must  follow  them.  Wlien 
they  appear  in  view  again,  your  thoughts  must  see  them  comiuE; 
from  under  the  newer  strata.  You  must  look  tinder  the  surface 
of  the  map  and  see  the  solid,  thick  crust  of  the  earth,  with  its 
various  strata  curved  and  overlapping,  and  discontinuing  and  be- 
ginning again,  disappearing  and  outcropping,  just  as  I  desonbe 
them.  If  you  do  this,  and  perform  an  abundance  of  such  exer- 
cises as  will  bo  given  you,  the  study  will  soon  be  easy  and  delight- 
ful. If  you  do  not,  you  will  Ttever  have  a  good  knowledge  of 
geology. 

Now  let  us  continue  the  explanation  of  the  map,  On  tli 
southwestern  border  of  the  Wisconsin  Eozoic  you  see  Cauibnim 
overlying  it,  and  thence  dipping  southwesterly  under  Silurian. 
Uevonian,  Lower  Carboniferous,  and  Upper  Carboniferous.  We 
can  trace  it,  in  thought,  under  all  these  systems,  into  Missouri 
Kansa.i.     W.?  might  reasonably  expect  the  Eozoic  to  conic  to 
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surface  again  in  the  region  farther  southwest,  but  it  scarcely  suc- 
ceeds in  revealing  itself.  You  will  notice  one  patch  in  the  Ind- 
ian Territory,  and  one  in  southern  Texas ;  but  nearly  all  that 
region  has  been  covered  by  Jura-trias,  and  then  most  of  that  has 
been  covered  by  Cretaceous.  Even  upon  the  top  of  the  Creta- 
ceous are  some  patches  of  Tertiary. 

In  New  England  you  will  notice  considerable  areas  marked 
Eozoic;  but  in  some  cases  we  only  know  that  the  rocks  are  crys- 
talline like  Eozoic,  while  they  may  be  in  reality  only  later  rocks 
hardened  and  crystallized  by  rnetamorphisrn.  You  observe,  how- 
ever, a  patch  of  Upper  Carboniferous  in  Rhode  Island,  and  a  belt 
of  Jura-trias  running  through  Connecticut  and  Massachusetts, 
Farther  north  you  will  notice  that  the  valley  of  the  Connecticut 
is  underlaid  by  Cambro-silurian  rocks  —  that  is,  rocks  either  Cam- 
brian or  Silurian. 

In  the  Adirondack  region  of  New  York  is  an  interesting 
Eozoic  area.  This  connects  with  the  Canadian  Eozoic  by  a  nar- 
row neck  across  the  St.  Lawrence  River.  The  strata  all  around 
this  Adirondack  area  dip  away  from  it.  This  is  a  case  somewhat 
like  the  Eozoic  area  in  Wisconsin.  On  the  other  hand,  the  centre 
of  Michigan  is  an  area  of  Upper  Carboniferous,  and  since  the 
surrounding  strata  are  all  older  they  all  dip  toward  the  centre  of 
Michigan. 

Now  let  us  vary  the  method  of  study.  Suppose  we  stand  on 
the  southern  side  of  Lake  Ontario,  the  map  shows  that  the  dip 
of  the  rocks  is  south;  for  at  that  point  we  have  Silurian,  while  to 
the  south  are  the  (newer)  Devonian  and  Lower  and  Upper  Car- 
boniferous; and,  according  to  the  rule,  the  dip  is  toward  the 
newer  and  away  from  the  older  in  Canada. 

If  we  stand  at  Milwaukee,  the  dip  is  eastward,  for  Milwaukee 
is  on  the  Silurian,  and  eastward  we  have  the  Devonian  and  Lower 
and  Upper  Carboniferous  in  Michigan.  Lake  Michigan  must  also 
cover  a  portion  of  the  Silurian  and  much  of  the  Devonian.  If, 
on  the  contrary,  we  stand  at  the  St.  Clair  River,  the  dip  is  west- 
ward on  the  same  principle. 

Again,  if  we  stand  at  Sandusky,  Ohio,  we  are  on  the  Silurian; 
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and  if  we  walk  straight  to  Cincinnati,  wt  walk  a  long  distance  on 
Silurian,  and  then  come  to  Cambrian.  Then,  if  we  continue  our 
travel  to  Nashville,  Tetni.,  we  pass  again  over  Silurian,  a  narrow 
l)(4t  of  Devonian,  a  broad  belt  of  Lower  Carboniferous,  and  then 
eoine  to  a  very  narrow  streak  of  Silurian  again  (too  narrow  to 
show  on  the  map  at  this  place,  though  it  can  be  seen  south  of 
the  ('uml)erland  Kiver),  and  end  our  journey  on  the  Cambrian. 
Should  we  eontinne  southward  to  Mobile,  we  should  pass  oil  the 
Cambrian  directly  upon  tiie  Lower  Carboniferous,  which  extttids 
into  Alabama.  Then,  in  the  neighborhood  of  Tuscaloosa,  we 
should  })ass  uj)on  the  I'pper  Carboniferous,  and  beyond  this,  to 
th<'  oveilvin<r  Cretaceous,  and  shoidd  find  Mobile  on  the  Tertiary. 
if  \wi)  shouhl  travel  from  Albany  to  Boston,  we  should  start 
n  Cambrian  rocks  and  ])ass  to  Silurian  rocks.  Before  reaching 
entral  Massachusetts  we  should  j)ass  to  rocks  which  are  not  fully 
leicrmined  —  perhaps  Cand)ro-silurian  —  and  perhaps  an  outcrop 
)!'  Kozoic.  Crossino-  the  valley  of  the  Connecticut  would  be  found 
.Iiira-trias  locUs  resting  horizontally  in  a  trough  excavated  in  the 
older  rocks.  Those  on  the  map  are  not  extended  far  enough 
north.  Beyond  this  valley  we  should  find  again  rocks  which  are 
perhaps  Cand)ro-silurian.  Beyond  these  we  should  have  ^ozoic 
rocks  for  the  greater  part  (all  Eozoie  on  the  map)  until  reaching 
Boston.  All  these  tilings,  and  a  tliousand  others,  may  be  studied 
out  on  the  map. 

KXKdK'ISKS. 

If  v.. II  r.avcl  ill  a  strai^'ht  lino  from  Detroit  to  Milwaukee,  what  systems 
of  >iiMia  will  you  pass  over?  What  if  you  travel  from  Miickinao  to  Cincin- 
nati? What  between  Oswego  and  Plattsburg?  AVliat  between  Charleston 
.111(1  Xa-liville?  State  the  dip  of  every  system  of  strata  passed  between  St. 
L.Miis  and  Chicairo.  Between  Duliith  and  Lake  Michigan.  Between  Sagi- 
naw and  Sprin^dield.  111.  Between  Springfield  and  Cincinnati.  Between 
Cleveland  and  Pittsburgh.  What  is  tlie  dip  of  tlie  strata  at  Cleveland? 
What  at  (invn  P>ay?  What  at  Bingliamton,  N.  Y.?  What  at  Utiea,  N.  Y.? 
Sn))j)(--<'  von  bore  an  artesian  well  at  Ijansing,  Mieh.,  what  systems  of  strata 
will  be  |>a-<rd  through?  What  if  you  bore  at  Charleston,  S.  C?  What  if  you 
bore  ai  ilaiifoi-d.  Conn.?  What  if  you  bore  at  Peoria,  111.?  What  if  you 
bore  at  (4alvt-ion,  Texas?    What  if  you  lx)re  at  Mimtreal,  Canada?    Would 
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an  artesian  well  bored  at  Cincinnati  pass  through  the  Silurian?  Or  the  De- 
vonian? How  could  you  travel  from  Albany,  N.  Y.,  to  St,  Paul  without 
passing  off  the  Cambro-silurian?  How  from  Cairo  to  Cape  May  without 
passing  off  the  Tertiary?  How  many  great  patches  of  Upper  Carboniferous 
(Coal  Measures)  are  shown  on  the  map?  Into  what  states  does  the  Appalach- 
ian coal  area  reach?  Into  wliat  states  the  Illinois  coal  area?  Into  what  the 
Kansas  coal  area?  Into  what  the  Michigan?  Into  what  the  Rhode  Island? 
Which  state  has  the  largest  area  of  Eozoic  rocks?  Which  next?  Which  has 
the  largest  area  of  Tertiary?  Which  state  contains  the  greatest  number  of 
different  systems?  Whicli  contains  the  fewest  different  systems?  What 
states  have  the  largest  amount  of  soft  rocks?  What  ones  have  most  Pulapo- 
zoic  rocks?  Give  the  names  of  the  cities  indicated  by  black  dots  on  the  map, 
and  state  what  svstem  of  rocks  each  is  located  on. 

Note.— The  student,  during  his  elementary  course,  ought  to  construct  a  geological 
niap  of  the  eastern  United  States,  covering  about  the  tsauie  ground  as  the  one  here  pre- 
sented. It  would  be  deHinible  to  make  it  on  a  larger  scale,  and  also  to  employ  a  system 
of  colors  as  indicated  in  the  introduction. 


STUDY  XXI. —  Geological  Sections. 

The  student  cannot  take  too  many  exercises  on  the  geological 
map.  He  should  become  familiar  as  possible  with  the  surface 
distribution  of  the  formations.  This  is  (jeographical  geology. 
Such  a  map  is  a  picture  of  the  geology  at  the  surface.  But,  at 
the  same  time,  a  careful  study  of  it  leads  to  important  inferences 
in  reference  to  the  deeper  geology.  So  you  must  not  be  con- 
tent to  look  merely  upon  the  flat  surface  of  the  map.  It  is  not 
enough  even  to  learn  the  location  of  the  different  colors  lying  on 
the  surface.  You  must  think  of  each  color  or  system  of  mark- 
ings as  an  outcropping  of  something  which  goes  down  beneath 
the  surface  to  some  other  region,  where  it  outcrops  again.  You 
must  think  which  way  it  goes  beneath  the  surface  —  that  is,  w^hat 
is  its  dtp.  The  rule  already  given  determines  that.  So  when 
you  look  on  the  geological  map,  you  will  learn  to  look  into  it, 
and  far  beneath  the  surface.  You  will  see  the  whole  solid  frame- 
work of  the  rocks  which  underlie  a  country. 

Now,  we  shall  undertake  some  exercises  which  will  give  us 
the  power  of   penetrating  into   the   depths  of   the   solid  crust. 
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Willi  the  p^eolo<rical  map  before  us,  we  will  try  to  construct 
soiiK*  gtM)l()<rical  ii(A'fi(fNii.  That  is,  if  we  could  cut  straight  down 
aloni!:  the  line  l)etween  two  points  which  may  be  selected,  to  the 
(It'plli  of  some  tliousands  of  feet,  and  then  look  at  the  cut  edges 
of   tilt'   strata,  what    form   and   arrangement  would  they  {)re.sent 

to  I J  s  y 

To  heuin  with  a  simple  case,  let  us  construct  a  section  across 
the  stale  (>(  Michigan  from  Detroit  to  Grand  Haven.  We  will 
lirsl  (haw  a  line,  (r  />,  Kig.  48,  to  represent  the  distance  along 
the  surfaee  Let  ween  tlie  two  points.  We  suppose  ourselves 
fjH'inu*  north.  We  notice  that  Detroit  stands  on  the  Devonian. 
,,  ,  ,,      Take  the  distance  from  Detroit  to  the  west- 

^     ,       ~,  ern    border   of   the   Devonian,  and   lav  it   off 

A    (i!    I.M.I.  M     sk(  -     from    />   on    the    litie    G   J).     This   distance 
^'*"'  extends  to  (/.      Next,  lav  off  from  a  the  dis- 

tancc  wiruh  corresponds  to  the  breadth  of  the  Lower  Carbonifer- 
ous in  the  (lirecti  )n  from  Detroit  to  Grand  Haven.  This 
stretches  to  />.  Thirdly,  lav  off  the  distance  which  our  route 
passes  over  the  I  'j)])er  Carboniferous.  This  takes  us  to  c.  Fourth- 
1\ ,  lav  olT  the  listanee  to  the  western  border  of  the  Ix)wer  Car- 
l)onif(  I'ous;  this  takes  us  to  d.  Finally,  lav  off  the  short  distance 
to  (iraiul   1  Liven,  on   the  border  of  Lake  Michigan.     This  takes 

us    to     (r. 

N<\t,  we  have  tr;  consider  what  is  the  dip  of  the  strata  at 
each  j)(>int.  ( )n  our  principles,  the  dip  is  toward  the  Upper  Car- 
boniferous fr(;ni  both  ends  of  the  line.  Draw  lines  down  oblique- 
ly,   accoiding    to    the    dip,    from    a,  />,   c,  and    d,  Fig.   49,   the 

boundary  points  between  the  formations. 
Then,  knowing  that  the  Lower  Carboniferous, 
which  dips  down  westward  in  the  eastern 
uiiii  A  (.i:..i.<>(.i(  \i.  p'^''^  ot.the  state,  is  the  same  which  comes  up 
^y<Tu>s.  to    the    surface    from    the    eastward,    in    the 

w«'steru  part  of  the  state,  we  can  coimect  the  lines  representing 
the  lower  and  upper  suifaces  of  this  system.  That  is,  the  upper 
linc^  will  extend  from  />  to  <:•,  passing  down  under  the  Upper  Car- 
lson iferous;   and   tiie   lower  line  will  extetid  froin  (f  to  d,  passing 
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under  both  Upper  and  Lower  Carboniferous.  The  dip  of  the 
strata  from  D  must  pass  in  the  same  direction  as  from  a  and  h. 
But  notice  that  Detroit  is  not  on  the  eastern  limit  of  the  Devo- 
nian. The  line  from  the  eastern  limit  —  wherever  it  is  —  will 
pass  some  distance  under  Detroit,  as  at  e.  We  need  not  know 
where  it  comes  up  to  the  surface.  It  is  somewhere  to  the  east- 
ward, but  we  may  cut  it  off  at  e,  as  we  are  only  required  to  con- 
struct the  section  to  Detroit.  That  line,  then,  ending  at  c,  shows 
the  bottom  of  the  Devonian.  Passing  westward,  it  will  come  up 
at  the  wetit  side  of  the  Devonian,  wherever  that  is.  But  the  first 
system  west  of  Lake  Michigan  is  the  Silurian,  and  the  place  for 
the  bottom  of  the  Devonian  is  between  it  and  fZ,  near  Grand 
Haven.  The  western  outcrop  of  the  bottom  of  the  Devonian 
seems  to  be  in  the  bottom  of  Lake  Michiga7i.  This  belief  is  con- 
firmed by  observing  that  on  the  map,  the  outcrop  of  the  Devonian 
strikes  the  south  end  of  Lake  Michigan,  and  seems  to  pass  under 
the  lake.  It  comes  mostly  from  under  the  lake  again  in  the 
region  of  Grand  Traverse  and  Little  Traverse  Bays,  and  Macki- 
nac. We  will  therefore  assume  that  the  western  outcrop  of  the 
Devonian  is  under  the  lake.  We  will  also  draw  a  little  depres- 
sion to  represent  the  bed  of  the  lake. 

Instead  of  seeking  for  the  western  outcrop  of  the  bottom  of 
the  Devonian,  we  might  say  as  we  did  about  the  eastern  outcrop, 
that  it  does  not  concern  us  to  find  it;  we  know  the  bottom  line 
passes  at  some  distance  under  (r,  and  in  that  position  wo  may 
draw  it,  and  let  fall  a  perpendicular  from  G  to  it  —  as  from  J> 
to  e. 

So  far  we  have  assumed  that  the  surface  of  the  earth  is  a  dead 
level  from  Detroit  to  Grand  Haven;  but,  if  we  happen  to  know 
that  the  center  of  the  state  swells  up  a  little,  we  should  so  repre- 
sent it.  We  ought,  indeed,  to  know  this;  because,  if  you  look  on 
any  map  of  Michigan,  you  see  the  streams  all  flowing  from  the 
interior  into  the  surrounding  lakes.  If,  then,  we  show  the  sur- 
face configuration,  our  section  will  be  a  geological  2)7'ofile. 
H(»re  it  is  in  Figure  50,  but  on  a  scale  twice  as  large.  In 
completing  the  section  we  may  bear  in  mind  that  the  Silurian, 
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wliicli  outcrops  at  Milwaukee,  passes  under  Lake  Michigan  and 
the  state  of  Michigan,  and  we  may  so  represent  it,  though  a  sec- 
tion across  Michi- 
c  ^  '"■  *^  *'  '^  "  gan  does  not  re- 
quire this.  It  would 
be  proper,  also,  to 
represent  the  Cam- 
brian under  the  Silu- 
rian, since  we  see 
I'loin  the  map  that  on  the  west  of  Milwaukee  it  passes  eastward 
under  tiie  Silurian.  And,  finally,  we  notice  that  in  central  Wis- 
consin the  Eozoic;  passes  southward  under  the  Cambrian;  and  we 
may  fairly  assume  that  it  would  appear  beneath  the  Cambrian 
under  Michigan  if  we  were  able  to  make  actual  examination. 
So  we  fill  III  the  lower  left-hand  corner  of  our  section  with  the 
marks  iijdi(;ating  Eozoic.      Now  the  section  is  complete. 

We  have,  in  fact,  extended  the  section  farther  west  than  was 
required  We  might  have  cut  it  off  at  Grand  Haven.  Also,  we 
have  carried  it  deeper  than  necessary.  All  that  is  essential  in  a 
section  from  Detroit  to  Grand  Haven  is  shown  by  the  broken 
lines. 

Next,  let  us  construct  a  geological  section  from  the  Eozoic 
north  of  Lake  Ontario  to  Williamsport,  on  the  Coal  Measures  of 
Pennsylvania;  and  let  us  suppose  ourselves  facing  east.      Draw  a 

line,  A'  W,  Fig.  51,  to  represent  the  length 
of  the  section.  This  may  be  the  same  length 
as  the  distance  on  the  map,  or  any  multiple 
of  that  distance.  However  the  length  of  the 
line  chosen  compares  with  the  distance,  all 
the  intervening  distaiices  must  be  in  the  same  proportioii;  or,  if 
we  know  the  distances  in  miles,  we  may  lay  them  off  from  a 
scale.  The  number  of  miles  may  be  got  from  a  "scale  of  miles'* 
given  on  a  good  map.  When  this  is  done,  allow  a  little  space  — 
the  proper  space,  if  known  —  to  the  right  of  JBr  for  the  distance 
to  the  s(Mithern  margin  of  the  Eozoic;  and  fix  on  a  point,  c/,  for 
the  border  of  the  Cambrian.     The  dividing  line  between  the  Cam- 
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brian  and  Silurian  is  under  the  lake;  let  us  locate  it  under  b. 
The  southern  limit  of  the  Silurian  will  be  at  c.  The  southern 
limit  of  the  Devonian,  determined  from  the  map,  will  be  at  d / 
and  here  the  Lower  Carboniferous  begins.  The  southern  limit  of 
the  Lower  Carboniferous,  which  is  the  northern  limit  of  the  Upper 
Carboniferous,  wnll  be  at  e.  Then  the  southern  extremity  of  our 
section  will  be  at  W,  just  over  the  border  of  the  Coal  Measures. 

Now,  we  understand  that  all  these  rocks  dip  southward.     So 
we   draw  lines    from    the   points   a  b  c  d  €y 
Fig.  52,  to  represent  the  dip,  and  terminate 


•V  \\^ 


downward  at  such  points  as  to  produce  a  neat 

figure  showing    all  that  is  required.       Then     pio.  m.  -  Progressing 

we  may  fill  in  the  lines  and  characters  chosen        ^^th  a  Geological 

,     .  .  ,  Section. 

to  represent  the  various  systems. 

Notice,  that  it  is  customary  to  represent  the  dip  somewhat 
greater  than  the  reality,  unles  the  real  dip  is  steep  enough  to  give 
a  convenient  breadth  to  the  section.  Notice,  also,  that  this  makes 
the  thicknesses  of  the  formations  too  great  to  be  in  due  propor- 
tions to  the  distances  along  the  surface.  The  section  therefore 
has  a  "  vertical  scale  "  greater  than  the  "  horizontal  scale,"  and 
the  section  is  a  distorted  one,  not  a  natural  one.  We  always 
make  the  two  scales  the  same  if  practicable. 

We  have  constructed  this  section  thus  far  on  the  assumption  of 
a  dead  level  from  end  to  end.  But  we  ought  always  to  represent 
the  relative  elevations  of  different  points  as  well  as  we  can.  In 
fact,  geologists  often  take  very  great  pains  to  ascertain  the  levels 
of  different  points.  If  the  region  where  £J  is  located  is  some- 
what elevated,  we  should  so  represent  it.  And  if  we  know  that 
a  high  bluff  of  strata  extends  along  the  south  shore  of  Lake  On- 
tario, we  should  so  represent  that.  An  improved  section  between 
the  two  points  would  be  as  shown,  Fig.  53.  This  is  made  on  a 
scale  four  times  as  large  as  the  other,  which  is  too  small  for  con- 
venience. Here  we  notice  a  surface  slope  from  north  and  from 
south  toward  Lake  Ontario.  Also  a  slope  from  both  directions 
toward  the  Chemung  River,  whose  place  is  shown  by  e.  These 
things  are  not  all  shown  on  the  geological  map;  but  if  you  can, 
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iti  any  way,  obtain  iiiforriiation  about  llic  configuration  tit  t]ii< 
siirfacB,  tJiat  slioulii  be  inti-oiJuced  into  yiiur  section.  You  will 
oftaii  have  to  refer  to  your  geographicivi  atlns  to  leani  wln^re 
places  int^ntioned  arc  located.  Tlie  directions  in  which  streiiitis 
run  will  also  show  you  wliat  regions  are  more  elevated  and  what 
are  leas  elevated.  The  surface,  also,  always  slopes  toward  atreams. 
TLe  region  between  streams  is  always  somewhat  ek-valed;  Uul 
the  amount  of  elevation  is  less  in  a  country  nearly  level  than  in 
one  having  considerable  slope. 

The  following  is  the  way  we  oouiplelo  tiie  geological  pro- 
file Having  laid  down  the  neeussary  points  along  a  lioH/otital 
hue  1  B  draw  \  et  tical  lines  from  tbpso  points  as  shown,  I*  ig  &d 
and  Iraw  as  esattly  as  vou  can  a  lin  E  P  to  ref.resent  the 
surfic     )f  the  earlh      The  poLnts  at  dt    where  thi     1 


sects  the  vertical  lines,  indicate  the  bounds  of  the  diG 
ations.  From  tliese  points  we  may  draw  linos  to  reproscnt  the 
dip  and  the  thickness  of  each  formation.  (Those  who  havo  ac- 
cess to  the  Neio  Tork  SCttte  Gwloijical  Reports  will  find  in  Vol. 
IV,  plate  VII,  A  better  proportioned  drawing  of  the"  nbovu  profile; 
but  it  is  ten  feet  lung.) 

You  ought  to  take  a  great  deal  of  cxcreise  on  the  goologieul 
map,  and  especially  in  the  construction  of  sections.  No  matter 
if  it  reqnires  two  or  three  days  to  finish  one  study. 

Let  lis  construct  a  section  or  profile  from  Niislivillt'  t"  Savan- 
Tjiih.  Hero  it  is  (Fig.  54),  You  will  notice  that  the  Camljrinn  east 
cif  Nashville  is  not  known  to  bo  overlaid  by  Sihirinn;  and  whnn 
H-<;  trace  it  to  the  east  of  tlie  Appalachians  it  is  so  metamorphosed 
that  we  are  unable  to  say  whether  the  formation  is  Cambrian  or 
Silurian,  and  so  it  is  simjily  put  down  cm  the  map  as  Cambro-siUi- 
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rian.  After  passing  the  dome  of  the  Eozoie,  we  find  it  overlaid 
directly  by  Tertiary  strata,  and  vvc  must  so  represent  it.  Not  un- 
likely, however,  some  strata,  intermediate  in  age  between  Eozoic 
and  Tertiary  would  be  found  beneath  the  Tertiary  if  we  could 
make  exploration.  The  Tertiary  passes  under  the  waters  of  the 
Atlantic. 


•<••»••     »->r 
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Fio.  54.— Sectiox  from  Nashville  to  Savannah  and  the  Atlantic  Ocean. 

EXERCISES.        /     /.        n 

^<=^^  3, 

Construct  sections  as  follows:  From  Madison,  Wis.,  to  Chicago.  From 
Chicago  to  St.  Louis.  From  Sandusky,  Ohio,  to  Nashville,  Tenn.  From 
Mackinac  to,  Cinciiniati.  From  Montreal  to  Albany.  From  New  York  citv 
to  Oswego.  From  St.  Louis  to  Cincinnati.  From  Cinciiniati  to  Newbern, 
N.  C.  From  St.  Paul  to  Chicago.  From  Cairo,  111.,  to  Cincinnati.  From 
Kingston,  Ont.,  to  Chicago.  From  Detroit  to  Fortress  Monroe.  From 
Cleveland  to  Cincinnati,  and  thence  down  the  Ohio  to  its  mouth.  The  stu- 
dent may  also  inspect  the  section.  Fig.  33,  and  see  whether  it  agrees  with  the 
geological  map. 


STUDY  ^yA\.— Thermal  Waters, 

Everyone  is  familiar  with  the  diurnal  influence  of  the  sun's 
rays  on  the  earth's  surface  temperature;  and  every  one  has  no- 
ticed that  at  night  the  surface  cools  to  some  extent.  These  diur- 
nal fluctuations  of  temperature  diminish  downward  in  amount, 
and  at  the  depth  of  about  thirty-two  inches  disappear  altogether. 
But  there  are  also  seasonal  fluctuations,  and  these  can  be  traced 
to  a  depth  of  about  fifty  feet.  The  depth,  however,  varies  with  the 
amount  of  the  seasonal  fluctuation.  It  would  be  less,  for  instance, 
in  Florida  than  in  Manitoba.  But  we  may  assume  fifty  feet  for  a 
mean.  This  implies  that  a  thermometer  buried  at  that  depth 
would    indicate   a   constant   temperature    throughout    the   year. 
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Just  above  this  depth  the  influence  of  summer  would  produce  a 
slight  rise,  and  the  influence  of  winter  a  slight  depression*  But 
the  winter  and  summer  influences  are  each  about  a  year  in  reach- 
ing this  depth  and  dying  out.  Each  is  about  six  months  in 
reaching  a  depth  of  twenty -five  feet.  That  is,  the  July  influence 
is  felt  in  January  at  a  depth  of  twenty-five  feet;  and  the  January 
influence  is  felt  in  July  at  the  same  depth.  Accordingly,  water 
from  a  well  of  this  depth  might  really  be  colder  in  summer  than 
in  winter. 

If  we  carry  our  thermometer  below  the  depth  of  fluctuating 
temperature, —  that  is,  below  about  fifty  feet — we  find  the  tem- 
perature of  the  earth  continually  higher.  We  experience  this  in 
mining  operations,   where   the   temperature   sometimes   reaches 
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Fio.  56.— Ak  Abtkbiak  Wkll  at  Chicago. 
C,  Chicago.    B,  Baraboo,  Wis.    Bt  Bozoic  Qaaitzite.    P,  Potsdam  Sandstone,    if,  Lower 
MagiicHian  Lime^toue.    S^  St.  Peter^B  Sandstone.    T,  Trenton  and  Oalena  Lime- 
BtcmcH.    Nj  Niagara  Limestone.    (See  Fig.  80.) 

eighty  or  one  hundred  degrees,  or  even  more;  and  work  would  be 
impossible  without  means  for  introducing  air  from  above.  We 
experience  it  in  tunnelling  mountains^  as  Mont  Cenis  and  Mont 
St.  Got  hard.  We  observe  it  in  the  temperatures  of  the  water  of 
artefilcut  wells.  These  are  wells  bored  down  to  some  porous  and 
water-bearing  stratum,  whose  outcrop  is  some  distance  away  at  a 
higher  level  than  the  place  of  boring.  In  general,  for  such 
deptlis  as  we  have  been  able  to  reach,  the  temperature  averages 
about  one  degree  higher  for  every  fifty-one  feet  of  descent.  The 
deepest  artesian  well  ever  bored  is  at  Sperenberg,  near  Berlin^ 
Prussia.  Its  depth  is  4,172  English  feet  (4,042  Flemish),  and  the 
bottom  temperature  is  118**  Fahrenheit  (38°.25  R^umur).  As 
the  temperature  at  fifty  feet  was  54**.74  Fahrenheit,  the  mean 
rate  of   increase  was  one  degree  for  sixty-five  feet  of  descent* 
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Tiiere  seemed  to  be  a  dimiiiishing  rate  of  increase  at  the  greater 
dejitlis.  Indeed,  it  can  hardly  be  considered  probable  that  a  con- 
staiit  rale  sliould  continue  indefinitely.  At  an  assumed  rate  of 
one  degree  for  tifty-oiie  feet,  it  is  easy  to  calculate  at  what  depth 
the  tempernliire  of  boiling  water  would  be  reached,  knowing  the 
mean  annual  temperature  of  the  place.  But  it  will  be  borne  in 
mind  that  under  the  pressure  due  to  any  depth  beneath  the  sur- 
face, water  would  retain  its  liquid  state  at  temperatures  above 
1^12''.  At  a  pressure  of  ten  pounds  to  the  square  inch  above 
atmospheric  pressure,  the  boiling  temperature  is  about  239°. 

Now,  it  may  be  inferred  froni  what  we  have  already  observed 
and  reasoned,  that  many  strata  which  present  their  edges  at  the 
surface,  extend  down  to  the  depth  of  hundreds  or  thousands  of 
feet.  This  may  be  concluded,  even  from  Fig.  41,  or  better  from 
Fig.  4G,  where  an  artesian  well  is  shown  starting  in  Lower  Jurassic 
strata  and  reaching  a  water-bearing  stratum  in  the  Upper  Carbon- 
iferous. S  f  f  11  ■  g  1  f  I 
Fig.  5G,  w  p 
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lit  j[i  this  way.     In  other  places,  as  at  Tuscan 
1  faulting  of  the  strata  exists.     Here,  Fig.  o?. 
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the  Cretaceous  strata  simply  present  an  aiiticlinul  hiiJ  a  fraott 
through  which  the  water  rises  froin  such  depth  as  to  have  be 
heated.     The  steep  dip  of  the  Cretaceous  samistone  v 
reach  l!i.>  rpqiiiaiti;  depth.     From  that   the 


SsnilBtnne;  >.  i^prlD|{s 

comp  to  the  surface  along  the  ancient  shore  o[  the  Cretaccoits 
ocean   which   bathed  the  western   ttaiiks  of  thii  Sierra  Nevadn. 
Along  that  outcrop  the  supply  of  wator  is  probably  reeeived. 
The  water  of  hot  springs  has  great  solvent  power,  niid  thus. 


very  fiequently,  the  spring  delivers  mineral  viator.  Caleiiuii 
carbonate  and  silica  are  thus  very  often  brought  to  the  surface. 
As  tho  water  coois,  itiuoh  of  the  mirioral  matter  is  precipitated  on 
the  surfaces  over  which  it  flows,  niid  we  get  deposits  of  tufa  or 


THERMAL    WATBKS. 


133 


tiinter.  Relief  of  the  pressure  tends  also  to  cause  the  water  to 
give  up  a  portion  of  its  mineral,  precisely  as  in  the  case  of  com- 
mon springs,  which  we  considered  in  Study  II.  These  tufaceous 
deposits  sometimes  acquire  enormous  extent. 

In  more  numerous  cases  warm  springs  are  found  in  proxiuiity 
to  volcanoes.  In  central  France,  especially  iu  the  departments  of 
Oantal,  Haute  Loire,  and  Fuy  de  Dome,  is  a  district  of  extinct 


volcanoes,  and  here  the  phenomena  of  warm  springs  and  their 
deposits  are  developed  on  a  vast  scale.  At  Clermont  the  deposits 
from  a  calcareous  spring  have  formed  an  elevated  natural  aqueduct 
two  hundred  and  forty  feet  iu  length,  and  terminating  in  an  arcli 
thrown  across  the  stream  it  originally  flowed  into,  sixteen  feet 
high  and  twelve  feet  wide,  (See  Fig.  58.)  Very  extensive 
deposits  occur  in  Italy  and  other  European  countries;  but  the 
most  remarkable  are  found    in  the  Yellowstone  National  Park, 
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where  Peale  enumerates  2,195  hot  springs.  These  springs  are 
also  located  in  a  voloanio  district.  In  Fig.  50  is  g^ven,  from 
llaydeii's  report  for  1878,  a  .view  of  a  group  of  these  springs 
which  have  built  a  curious  series  of  basins.  Very  similar  effects 
are  produced  by  the  thermal  springs  of  New  Zeahtnd,  Asia 
Minor,  and  other  regions. 

Many  of  the  springs  of  tlie.  National  Park  present  the  phe- 
nomena of  geyser  action,  or  periodic  ejection  of  hot  water  with 
great  force,  sufficient  in  some  cases  to  throw  it  to  the  height  of 
one  or  two  hundred  feet.  Peale  enumerates  seventy-one  geysers. 
In  F\<r,  00  is  presented  a  view  of  the  "Giant  Greyser"  in  action. 
The  crater  has  been  formed  by  deposition  of  a  mineral  known  as 
gryserlte.  It  rises  ten  feet  above  the  platform,  and'  at  base  meas- 
ures twenty-four  feet  by  twenty-five,  diminishing  to  eight  feet  at 
the  top.  Its  depth  is  twenty -five  feet.  The  temperature  of  the 
water  is  about  198^  Fahrenheit.  Its  eruptions  are  some  days 
ai)art,  but  the  volume  of  water  discharged  is  enormous,  and  the 
altitiule  attained  is  two  hundred  to  two  hundred  and  fifty  feet. 
The  power  required  to  produce  this  result  causes  the  earth  to 
treni))le,  and  a  deep  rumbling  sound  to  be  emitted.  The  so-called 
goyserite  is,  in  other  words,  a  siliciotbs  sinter.  Silica  is  held  in 
various  proportions  in  these  waters  (from  eight  to  fifty-four  per 
cent),  and  is  thrown  down,  as  Peale  thinks,  in  consequence  of 
evaporation;  but  cooling  and  relief  of  pressure  probably  con- 
spire. 

A  geyser  in  action  is  a  striking  geological  phenomenon,  and 
much  speculation  has  been  had  in  reference  to  its  mechanism. 
The  explanation  which  seems  most  satisfactory  is  that  proposed 
by  Hansen.  The  water  accumulating  in  the  geyser  tube  is  a  long 
column,  probably  more  or  less  tortuous.  It  is  heated  below,  and 
a  tendency  to  equalization  of  temperature  throughout  exists 
throu<rh  the  means  of  a  circulation;  but  the  difficulties  of  circu- 
lation cause  always  a  higher  temperature  at  the  bottom.  After  a 
time  the  bottom  temperature  exceeds  the  boiling  temperature  at 
the  top,  but  the  bottom  water  does  not  boil  because  the  pressure 
is  increased.     At  the  depth  of  thirty-three  feet  the  pressure  is 
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two  atmuspheres,  and  the  boiling  temperature  250°,  But  by-aiid- 
by  the  increase  of  heat  below  brings  the  water  to  the  boiling  tem- 
perature or  soitie  eases  a  omentary  rel  ef  of  the  pressure 
akes  tl  e  ex  St  g  temperature  a  bo  1  ng  temperature.  Then 
stea  n     s      sta  tlv   for  ned    a  d  the  column  of    water  above  is 


kiiown  beliiLvior  of  water  and  steam  when  attempting  to  eircu- 
lat<^  through  the  same  pipe,  and  by  the  analogous  case  of  water 
ami  jTiis  in  one  of  the  spouting  wells  of  an  oil  district.  Water 
simply  iH'i'iunulates  in  the  geyser  pipe  upon  the  steam  formed  in 
the  louer  part  by  the  bottom  temporature.  The  steam  for  a  time 
JM  siilijccti'd  to  compression,  and  the  compression  (condensation) 
incrfases  witli  the  continued  development  of  steam.  Finally,  the 
sufficient  to  lift  the  column  of  water.     The 
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commencement  of  escape  now  diminishes  pressure,  and  a  large 
volume  of  steam  is  instantly  formed,  which  causes  the  violent 
action.  The  heavy  thumps  sometimes  heard  before  and  during 
the  action  are  due  to  collapses  of  steam  in  contact  with  the  water^ 
and  are  strictly  the  same  in  principle  as  the  sharper  sounds  fre- 
quently heard  in  the  steam  pipes  employed  for  warming  buildings. 

EXERCISES. 

The  artesian  well  at  the  insane  asylum,  St.  Louis,  was  3,843i  feet  deep, 
the  temperature  of  the  water  105°,  and  the  mean  annual  temperature  at  tl.e 
surface  55';  what  is  the  rate  of  increase  of  temperature?  The  correspond- 
ing data  at  Charleston,  S.  C,  were  1,250  feet,  87%  and  66'' ;  what  is  the  rate 
of  increase?  Make  the  calculation  for  any  other  well  of  which  you  can  get 
the  data.  At  what  date  will  the  temperature  of  July  1  be  felt  at  the  depth 
of  twelve  feet?  If  winter  cold  begins  at  Christmas,  at  what  date  will  it  pen- 
etrate through  the  ground  to  the  bottom  of  a  cellar  five  feet  deep?  Will  the 
whole  severity  of  the  surface  cold  be  felt  at  that  depth?  What  should  be  tlie 
temperature  of  water  from  the  bottom  of  a  well  one  hundred  feet  deep  at  a 
spot  where  the  annual  mean  is  40"?  If  the  flow  of  water  in  this  well  comes 
from  below,  will  its  temperature  be  higher  or  lower  than  your  calculation? 
How  do  we  measure  the  temperature  of  the  water  in  the  bottom  of  an  arte- 
sian well?  Why  can  we  not  be  sure  the  temperature  there  taken  is  the  true 
temperature  due  to  that  depth?  If  the  strata  bored  through  \mve  a  steep 
dip,  is  the  water  likely  to  have  come  from  a  higher  or  a  lower  level?  How 
would  this  affect  the  tcmpei-ature?  And  would  this  wrong  temperature  affect 
your  calculation  of  the  rate  of  increase  of  temperature?  What  is  the  diffei'- 
ence  between  an  artesian  well  and  a  warm  spring?  If  the  temperature  of  a 
spring  in  central  Arkansas  is  100**,  from  what  depth  should  the  water  rise? 
If  the  temperature  of  the  Giant  Geyser  is  198",  what  is  the  length  of  its  fun- 
nel—  taking  no  account  of  the  elevation  above  the  sea?  Does  this  tempera- 
ture of  198°  indicate  accurately  the  temperature  at  the  bottom  of  the  funnel? 
If  not,  why  not?  How  does  the  discrepancy  affect  the  result  of  your  calcu- 
lation? How  many  atmospheres  of  pressure  at  the  depth  resulting  from 
your  calculation?  Try  to  ascertain  at  what  tem|)erature  steam  forms  under 
such  pressure.  Suppose  the  temperature  of  the  water  is  240**  and  the  press- 
ure two  atmosphere^s,  will  the  water  boil?  Suppose  now  the  pressure  is  sud- 
denly diminished  to  one  and  a  half  atmospheres,  what  would  happen?  Why 
do  warm  springs  deposit  calcareous  matter,  and  geysers  silicious  matter?  Is 
the  silicious  matter  the  cause  of  the  geyser  mode  of  outflow  ? 
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STUDY  XKITL  —  Voleanoes. 


We  have  ascertained,  from  obaenrations  made,  that  the  inter* 
nal  temperature  of  the  earth  rises  as  we  descend  below  the  sone 
of  uniform  temperature,  and  to  this  fact  we  have  not  hedtated  to 
ascribe  the  heat  of  thermal  waters.  We  have  no  reason  to  doubt 
that  the  heat  continues  to  rise  beyond  the  possibility  of  the  exist- 
ence of  water,  and  even  till  the  temperatare  is  sufficiently  high 
to  fuse  mineral  substances.  This  is  an  inference;  but  it  is  easy 
to  subject  it  to  the  test  of  observation.  Visitors  to  Naples,  in 
Italy,  tell  us  that  in  the  immediate  viciiiity  rises  a  mountain  4,000 
ieet  above  the  bay,  which  is  seen  frequently  to  emit  a  volume  of 
:steam  and  smoke,  as  if  its  summit  were  a  chimney,  and  a  great 
lire  were  nursed  within  the  mountain.  This  is  Yesuvios.  They 
tell  us  that  the  surface  of  the  mountain  is  completely  covered 
with  ragged  masses  and  scraps  of  rocks  quite  unlike  any  with 
which  we  are  familiar,  being  dark,  compact,  fine,  often  glassy,  in 
many  cases  coarsely  cellular  and  light,  and  having  much  the  ap- 
pearance of  slags  from  iron  and  copper  furnaces.  We  may  eauly 
ascertain  from  the  testimony  of  eye-witnesses,  that  these  slags 
have  been  ejected,  in  a  molten  state,  from  the  chimney  of  the 
mountain,  and  that  sometimes  copious  streams  of  molten  matter 
have  burst  through  fissures  and  flowed  down  the  mountain  side. 
These  outflows  are  accompanied  by  volumes  of  aqueous  vapor 
and  gases  and  acid  fumes,  which  rise  in  a  vertical  column  through 
the  crater  to  the  height  of  several  thousand  feet — in  1779,  ten 
thousand  feet,  according  to  Sir  William  Hamilton.  Accompany- 
ing these  are  stones  and  ashes,  sometimes  in  great  abundance. 
The  aqueous  vapors  condense  in  the  upper  air  and  form  clouds, 
illuminated  by  the  glowing  lava  and  by  the  lightnings  generated 
in  the  bosom  of  the  vapor.  Torrents  of  rain  sometimes  descend, 
converting  the  ashes  into  mud,  and  burying  the  surface  of  the 
earth  for  many  miles  around.  There  are  records,  indeed,  of  very 
destructive  eruptions.  One  which  occurred  in  the  year  79  buried 
three  cities  —  Pompeii,  Heroulaneum,  and  StabisB  —  and  the  work 
of  excavating  them  is  now  in  progress  (Fig.  63). 


VOLCAKOEB. 
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esuvius  and  Aitn&  are  the  two  classical  volcanoes  of  Eu- 
but  many  other  evidences  of  the  existence  of  internal 
fires  are  revealed  in 
the  volcanic  activities 
of  the  Lipari  Islands, 
in  the  fitmaroka  and 
solfataras  of  the  vol- 
canic districts,  and  in 
the  occasional  out- 
burst of  a  volcanic 
island  from  the  bot- 
tom of  the  Mediterra- 
nean. A  futnarole 
is  an  escape  of  steam 
from  the  ground. 
When  accompanie<i 
by  sulphur  vapors  and 
other  gases  it  is  a  sol- 
fatara.  Fumaroles 
are  numerous  in  the 
Yellowstone  National 
Park,  as  also  in  most 
volcanic  regions. 
I  a  statement  of  what  occurred  on  j^tna  in 
o,  according  to  the  government  survey,  is 
id  its  sides  slope  at  an  angle  of  six  to  eight 
■  is  a  vast  abyss,  nearly  1,000  feet  deep,  and 
n  cireumference.  Sometimes  it  is  nearly  full 
lines  it  appears  to  be  bottomless.  In  July, 
Df  convulsive  movements,  a  fissure  opened  on 
lit  side  of  the  loftiest  cone,  and  molten  matter  began 
(1  issue  and  descend.  Masses  of  lava  and  ashes  were  at 
e  time  ejected  from  the  mouth  of  the  crater.  For  eigh- 
>iitlis  the  mountain  threatened  some  ulterior  convulsion. 
lava  rose  in  the  crater  and  illuminated  the  skies.  Evi- 
t  pressprl  ivith  enormous  force  against  its  walls,  and  these 
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were  continually  weakened  by  melting  away.  At  length,  on  the 
night  of  the  30th  of  January,  1865,  the  walls  yielded,  and  a  rent 
opened  a  mile  and  a  half  in  length  on  the  north  of  Monte  Fru- 
mento,  one  of  the  secondary  cones  rising  on  the  slope  of  ^tna. 


Q.LavDB  of  Ihc  Middle  Agee  3La\B. 
i;  8.  Kecent  Lavaw  7  Cones  and  rnil 
Vsl  del  Bovc ;  C  CalanU    R.  RiDdiz 


<    S,Rlter8lineU) 

From  this  molten  lava  issued  for  some  hours,  when  communica- 
tion with  the  interior  supplies  seems  to  have  been  obstructed. 
On  the  following  day,  new  eruptions  from  the  fissure  took  piece, 
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and  six  principal  cones,  fonned  of  ejected  mattery  were  raised* 
These  gradually  blended  together,  absorbing  smaller  cones,  until 
a  height  of  nearly  300  feet  bad  been  reached.  The  liquid  lava 
issued  from  the  lower  craters,  while  the  upper  belched  forth  only 
stones  and  ashes.  In  two  months  the  cone  nearest  to  Frumento 
seemed  to  have  become  choked  up,  and  only  emitted  sulphurous 
and  hydrochloric  vapors.  The  cone  next  lower  continued  to 
eject  periodically,  and  with  loud  explosions,  volumes  of  vapor, 
ashes,  and  stones;  while  the  lowest  cones  continued  to  rumble 
and  discharge  molten  matter.  By  degrees  the  violence  of  the 
action  abated.  At  first  the  erupted  matter  rose  6,600  to  6,800 
feet;  then  it  fell  to  300,  and  gradually  ceased  to  escape. 

During  the  first  six  days,  the  amount  of  matter  escaping  from 
the  fissure,  according  to  Sylvestri,  was  about  117  -cubic  yards  a 
second  —  equivalent  to  a  volume  twice  the  siae  of  the  Seine  at 
low  water.  Near  the  outlet  it  flowed  twenty  feet  a  minute; 
lower  down,  spreading  over  a  wider  surface,  its  speed  was  one 
and  a  half  to  six  feet  a  minute.  On  the  second  of  February  the 
principal  stream,  now  900  to  1,650  feet  broad  and  forty-nine  feet 
deep,  reached  an  escarpment  three  miles  from  the  fissure,  over 
wliich  it  ])lunged,  a  cataract  of  fire,  into  the  g^rge  below.  This 
spectacle  was  ended  in  a  few  days  by  the  wearing  down  of  the 
ledge  and  the  filling  of  the  ravine  to  the  depth  of  160  feet.  From 
this  the  river  of  fire  continued,  and  by  the  middle  of  February  it 
was  more  than  six  miles  long,  well  inorusted  with  cooled  lava,  and 
making  hut  slow  progress.  Farm  houses  were  swept  away,  and 
pastures  and  cultivated  grounds  were  buried  beneath  slowly 
hardening  rock.  Entering  the  ancient  forest,  it  swept  down 
100,000  to  130,000  trees,  and  the  burning  trunks  floated  along 
upon  tlie  moving  stream.  Some  months  after  the  commence- 
ment of  the  eruption,  the  interior  of  the  stream  of  lava  was  still 
incandescent  and  moving.  Continually  the  crust  was  burst  by  the 
pressure  from  behind;  new  rills  would  start  and  freeze,  and  frag- 
ments of  the  crust  became  implanted  in  the  new  rock,  so  that  the 
exterior  was  roughened  by  innumerable  sharp  edged  projections. 

Fearful  as  was  this  eruption,  it  was  insignificant  compared 
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with  former  ones.  Since  this  date  the  mountain  has  been  quiet; 
but  during  twenty  centuries,  seventy-eight  eruptions  have  been 
recorded  —  the  first  in  the  seventh  century  B.C.,  in  the  time  of 
Pythagoras.  *  (See  Fig.  64.)  In  some  of  them  the  flows  of  lava 
have  been  more  than  fifteen  miles  in  length,  and  have  covered 
areas  of  more  than  forty  square  miles  (eruption  of  1669),  which 
were  once  in  a  perfect  state  of  cultivation,  and  dotted  over  with 
towns  and  villages.  Tlie  evidences  are  seen  in  the  lava  patches 
which  still  rest  on  the  mountain  slopes.  In  1669  a  stream  of 
lava  poured  over  the  walls  of  Catania,  sixty  feet  in  height,  and 
overwhelmed  a  part  of  the  city.  In  1693  an  earthquake  accom- 
panied, which  destroyed  60,000  to  100,000  inhabitants,  of  whom 
18,000  were  Catanians.  In  1755  a  flood  of  water,  estimated  at 
16,000,000  cubic  feet,  descended  the  Val  del  Bove,  carrying  all 
before  it.  In  former  days,  thousands  of  other  lava  flows  and 
cones  of  ashes  have  added  their  contributions  to  the  mass  of  the 
volcano,  so  that  there  is  no  spot  which  lias  not,  sooner  or  later, 
been  covered  by  the  depositions.  In  fact,  the  evidence  is  tliat 
the  total  bulk  of  ^tna,  from  summit  to  base,  down  even  to  the 
lowest  submarine  depths,  is  nothing  but  the  product  of  suc- 
cessive eruptions  of  molten  lava,  ashes  and  cinders. 

From  all  observations  made,  it  appears  that  the  usual  tenor 
of  events  attending  an  eruption  of  ^Etna  is  as  follows:  Earth- 
quakes are  the  premonitory  symptoms;  loud  explosions  are  heard; 
rifts  open  in  tlie  side  of  the  mountain;  smoke,  sand,  ashes  and 
scorias  are  discharged;  the  action  localizes  itself  in  one  or  more 
craters;  cinders  are  thrown  out,  and  accumulate  around  the 
crater  in  a  conical  form;  ultimately,  lava  rises  through  the  new 
cone,  frequently  breaking  down  one  side  of  it,  where  there  is 
least  resistance,  and  flowing  over  the  surrounding  country.  Then 
the  eruption  is  at  an  end. 

\/  Could  we,  with  Captain  Button,  visit  Hawaii,  we  should  find 
the  conditions  varied,  but  essentiallv  the  same.  This  island  is 
composed  mainly  of  three  volcanic  mountains,  Loa,  K6a,  and 
Hual4lai  [give  European  sounds  to  the  vowels]  7,822  feet  high. 
Mauna  Loa  is  13,760  feet  in  height,  and  has,  besides  its  summit 
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criil>-r,  aiiuther  one,  Kilau^a,  Z.'J'O  feet  above  the  sea  level. 
This  is  R  type  of  vent  bo  unlike  ordinary  craters  tliat  Dutton 
priiposes  Tor  it  the  new  name  cfildera.     The  eruptions  of  Loa  ara 


'I'lie  first  iiidication  is  a  light  sent  from  the  crater  to  the 
The  liquid  lava  rises  in  the  crater;  sometimes  it  over- 


Hows,  but  generally  a  fissure  opens  on  the  side,  and  the  lava 
[lours  fortii,  accompanied  by  ejections  of  atones,  cinders,  and 
ashes.     The  streaiu  of  lava  haa  been  known  to  flow  sixty  miles, 
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and  at  times  it  has  reached  the  sea.  Lava  streams  of  various 
dates  are  shown  in  Fig.  65.  The  eruptions  at  the  summit  crater 
are  not  generally  accompanied  by  disturbances  in  Kilau^a.  The 
converse  is  equally  true.  Kilau^a  is  a  crater  or  caldera  16,000 
feet  long,  seven  and  one-half  miles  in  circuit,  nearly  four  square 
miles  in  area,  and  600  feet  deep.  The  floor  is  of  cooled  lava, 
with  one  or  more  pits  of  molten  lava  continually  in  a  state  of 
agitation,  and  at  times  overflowing  the  brim  and  flooding  the 
solid  floor.  Mauna  Kea  seems  to  be  extinct.  On  the  island  of 
Maui,  the  volcano  Haleakala  is  10,217  feet  high,  with  a  crater 
2,000  feet  deep;  and  lava-flooded  valleys  one  to  two  miles  wide 
lead  from  it  toward  the  sea. 

The  red  sunsets  of  1883  and  1884  arc  well  remembered  by 
all.  It  seems,  at  first  view,  very  far-fetched  to  assume  any  con- 
nection between  them  and  volcanic  activities ;  but  the  opinion 
prevails  very  generally  that  they  were  caused  by  the  fine  ashes 
ejected  on  the  26th,  27th,  and  28th  of  August,  1883,  from  a  vol- 
cano on  a  small  island  lying  in  the  Strait  of  Sunda,  and  com- 
monly known  as  Kra-kat'oa.  There  were  three  volcanic  summits 
on  the  island.  The  northern  and  lowest,  Perboewatan,  began  to 
be  active  in  May,  after  a  rest  of  two  centuries;  the  middle  sum- 
mit, Danan,  was  the  seat  of  the  great  eruption  of  1883,  while 
the  southern  and  highest  summit,  Ra-ka'ta,  eight  hundred  and 
twenty-two  metres,  did  not  suffer.  The  eruption  was  accompa- 
nied by  several  terrific  explosions,  the  greatest  of  which  occurred 
at  five  minutes  past  10  a.m.,  August  27,  Batavia  time.  These  air 
shocks  travelled  no  less  than  three  and  one-fourth  times  around 
the  earth.  The  sounds  were  heard  over  an  area  whose  radius  is 
30°,  or  3,333  kilometres,  or  whose  diameter  would  reach  from  the 
Canary  Islands  to  Jerusalem,  and  from  Novaya  Zemlia  to  the  mid- 
dle of  the  Soudan.  The  matter  ejected  is  estimated  at  eighteen 
cubic  kilometres;  and  within  a  circle  of  fifteen  kilometres'  radius 
the  thickness  of  the  layers  deposited  was  twenty  to  forty  metres 
— at  the  base  of  the  mountain,  sixty  to  eighty  metres.  The  finer 
ashes  fell  1,200  kilometres  away,  and  the  finest  seem  to  have 
floated  for  months  in  the  upper  air.     The  steam-cloud  was  seen  to 
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rise  11,0UU  metres.     The  high  southern  peak  was  split  through 
ihe  middle,  and  the  northern  half,  together  with  the  other  two 


inoiiiitaiiis,  sank  out  of  night.  The  soundings  over  it  are  now 
'JOO  to  300  metres.  Tlie  size  of  the  island  was  formerly  thirty- 
tliree  and  one-half  square  kilometres;  of  this  only  ten  square 
kiluniL'tres  remain,  but  the  volcanic  depositions  have  added  five 
scuiaro  kilometres. 

Tiie  e.xjilosive,, sounds,  the  atmosplieric  shocks,  and  the  great 

sua  waves  which  destroyed   more   than   35,000  lives,  are   believed 

to  be  <lu<.'  lu  the  falling  in  of  the  crater  at  successive  intervals. 

'I'lii'^  is  ii  foiiiiiioii  incident  of  volcanic  eruptions.     The  present 

crater  of  Vesuvius  rise* 


^^-^ 

^C3^                                     within  a    much   larger 

•^'-^flf                                     crater,    Somma,  which 

^— <^    '1                                        resulted  from    the  en- 

s/_.,-^' t;;2;;;^^L>y^"'^--,.„^             gulfment  of  a   former 

\^_^^^|iWvj___^,^            \^        crater  during  an  erup- 

^____^       tion.    In  1756  the  sum- 

' 

. — — —                                 mit  presented  the  ap- 

one  will, 
ilKistral.^ 

■ ' ' —       pearance  shown  in  f  in* 

mains  of   four  craters, 
ill  another.     The  phenomena  of  the  Sundanese  volcanoes 
:  the  same  thing,  as  shown  in  Figs.  C8  and  69.     This  is 

VOLCANOES. 


the  supposition  of  a  vut  ezca- 


«xplained  by  Hoclistetter  < 
vation  in  the  moun- 
tain, as  shown  in  Fig. 
70.  By-and-by  the 
arch  becomes  too 
weak  to  support  its 
weight,  and,  falling 
into  the  abyss,  leaves  the  circle  of  breakage  to  contribute  the 


rim  of  a  new  and  larger  crater,  as  shown  in  Fig.  71.     Then,  after 
a  period  of  quiescence,  the  liquid  pool  freezes  over,  and  a  new 
and    small    crater,    on 
occasion  of  subsequent 

activity,  begins  to  grow 
in  the  centre. 

Visitors  to  California 
and  Oregon  are  greatly 
interested  in  the  grace- 
ful   forms    of    the    vol-  theIriteii     (Hoch-tctlcr ) 

canic  peaks  of  the  Si- 
erra Nevada  and  Cascade  ranges.  Most  Hdiiilred  of  all  is  Mt. 
Shasta,  rising  a  solitary  and  shapely  cone  14,440  feet  above  the 
sea  (Whitney).  It  has  ceased  to  be  active,  but  the  evidences  of 
great  former  activity  appear  in  enormous  sheets  of  volcanic  ma- 
terial covering  tlie  country  around.  The  fires  of  Mt,  Hood,  in 
Oregon,  appear  to  be  dying  out,  only  moderate  heat  and  vapors 
escaping  to  the  top.     But  in  times  past  it  has  covered  many  hun- 
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dred  square  miles  with  its  ejections.  The  Columbia  River  has 
cut  through  these  in  a.  chuam  4,000  feet  deep.  Mt.  Ranier,  in 
the  sauie  range,  is  14,444  feet  high.  Its  anow-white  summit  pre- 
Heiits  a  magnificent  spectacle  from  Seattle,  seventy  miles  distant, 
cm  Puget  Sound. 

In  many  portions  of  the  trans- Mississippi  region  the  evi- 
dences of  former  volcanic  activity  are  abundant.  The  whole 
Nexada  range,  from  Lassen's  Peak  to  Shasta,  is  voloanic,  and 
so  is  tlie  Cascade  range,  further  north.  Numerous  series  of  vol- 
canic eoiies  stretch  along  the  western  slope  of  the  Sierra. 
Near  Jluno  Lake  is  a  group  extending  far  south,  a  view  of 
which  is  shown  in  Fig.  Ti.     This  is  a  cluster  of  truncated  cones 


iNn  l.iRK,  Cal.     (Wbllna]'.) 


of  very  steep  sides,  c'hiefly  covered  with  ashes  and  other  loose 
materials,  and  having  numerous  rocky  projections  rising  from 
their  broadly  truncated  tops.  They  reach  the  altitude  of  9,300 
and  0.;ino  feet  above  sea  level. 

I'Jxiirint  viilcanoes  arc  known  in  many  countries,  but  the  most 
ech'bralod  region  is  central  France.  Here  hundreds  of  cones 
and  enunnoiis  sheets  of  ejected  material,  worn,  in  later  times, 
by  the  agerieies  of  erosion,  have  given  to  a  wide  region  an  aspect 
entirely  unique  and  fidl  of  interest  to  the  geologist.  Here  is 
subjiiine.l  a  view  taken  from  the  work  of  Poulett  Sorope,  who 
has  studied  and  illustrated  the  region  with  more  detail  and  thor- 
oufrhness  than  any  other  investigator  (Fig.  73). 


VOLCANOES. 


What  is  the  nature  of  the  so-called 
"amoke"  from  volcanoes?  Is  there 
aiiy  "combustion "  in  u  volcano? 
What  is  tho  source  ot  the  wal^r  which 
issues  as  steam?  What  evidence  can 
you  give  that  this  is  sea  water?  Have 
you  ever  heard  of  mud  ejected  from 
TolcBuoes?'  What  analogy  can  you 
trace  between  volcanoes  and  geysers? 
Enumerate  tho  principal  lines  and, 
regions  in  which  volcanoes  abound. 
Enumerate  volcanoes  situated  far  in- 
land. Give  some  account  ot  any  vol- 
cano not  mentioned  in  the  present 
study.  What  must  be  the  effect  ot 
volcanic  action  on  the  internal  heat  of 
the  earth?  If  the  volcanic  cone  is 
formed  of  ejected  materials,  what  is 
under  the  cone  ?  Do  you  imagine  any 
rocks  of  sedimentary  origin  could  be 
there?  Could  granitic  and  other  ineta- 
morphic  rocks  be  there?  (See  f^g.  4Q, 
■'  trachyte "  and  "  tasalt.")  Profes- 
sor Whitney  found  masses  of  nise-cci|. 
ored  granite  on  the  tops  of  the  coi  e. 
shown  in  Pig.  72;  how  could  they  bi. 
accounted  for?  Why  not  cons  der 
them  bowlders?  Would  it  be  surpr  i- 
ing  to  see  rounded  stones  ejected  fro 
a  volcano?  Should  you  .sec  then 
where  and  how  would  you  suppo!>c  them 
rounded?  Should  thoy  afterward  be 
cemented  together,  wliat  sort  of  a  rotk 
would  be  formed?  Have  yo  c  er 
heard  of  such  a  rock  as  a  fact ''  Can 
you  suggest  why  the  eruptions  of  Eti  a 
and  Vesuvius  are  attended  by  earth 
quakes,  and  those  of  Mauna  Loa  not? 
Does  it  appear  that  different  volcanoes 
have  an  underground  connection?    Do 
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the  summit  crater  and  Kilaute  sjmpathiie  together?  Do  ^in*  and  VeeaTiiiB? 
Do  ^tna  and  Stromboli?  Aesuming  the  two  oraten  of  Maana  Loa  to  be 
connected,  how  ooald  lava  stand  in  the  summit  crater,  9,000  feet  higher  than 
Kiltiu^a,  withoat  escaping  at  Kilaute?  Sapposing  the  spedfto  grayitjr  of  the 
lava  two  and  eight-tenths,  how  many  atmospheres  of  pressure  would  be  Mi 
at  Kilau^a? 


STUDY  XXlV.—Afieient  Zava9. 

The  traveller  returning  southward  from  a  trip  to  Mt.. Shasta 
may  follow  the  broad  valley  of  the  Sacramento  River.  On  his 
left  rise  the  peaks  of  the  Sierra  Nevada,  with  the  foot  hiUs  in  the 
nearer  distance.  For  a  hundred  miles,  from  Pitt  River  to  Oro- 
ville,  along  the  eastern  side  of  the  Sacramento,  he  traverses  a 
broad  plain  of  volcanic  ashes,  destitute  of  trees  and  almost 
destitute  of  herbage,  and  as  yet  hardly  eroded  into  cafions.  On 
Hearing  Bear  Creek,  more  solid  lava  makes  its  appearance,  and 
increases  as  he  passes  southif^ard.  This  belt  averages  about 
seventy-five  miles  in  width.  The  materials  may  be  traced  chiefly 
to  the  great  centre  of  eruptive  agency  at  and  near  Lassen's  Peak, 
in  the  Sierra  Nevada.  The  sheets  of  lava  form  a  regular  slope 
from  the  Peak  to  the  Sacramento.  Through  this  the  more  south- 
ern streams  have  sunken  their  channels^  five '  hundred  to  eight 
hundred  feet  deep.  In  some  situations  crater*bearing  cones  rise 
over  eight  hundred  feet,  and  from  these  have  issued  a  portion  of 
the  materials  which  flooded  the  valley.  These  were  laid  down  on 
Cretaceous  strata.  Tuscan  Springs,  already  mentioned  (Fig.  57), 
are  in  this  region.  The  section  shows  that  the  Cretaceous  strata 
were  somewhat  tilted  before  the  lava  was  poured  out,  and  further 
tilted  since  that  event.  The  conglomerate  is  not  volcanic,  and  its 
presence  implies  the  action  of  a  transporting  agent  over  the  sur- 
face after  the  upheaval  of  the  Cretaceous.  To  this  is  probably  to 
he  attributed  the  erosion  of  the  strata.  This  section  also  shows 
a  breakage  of  the  strata  and  the  escape  of  warm  mineral  waters. 

Near  the  southern  limit  of  this  lava  sheet,  in  the  centre  of 
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Butte  county,  the  streams  have  cut 
quite  through  the  lava  into  the  under- 
lying formations,  giving  rise  to  forms 
known  as  "table  mountains."  Here, 
underneath  all,  are  exposed  the  aurifer- 
ous slates,  tilted  up  to  a  steep  north- 
easterly dip,  and  containing  intercalated 
beds  of  Carboniferous  Limestone.  On 
the  upturned  edges  of  these  strata  rest 
nearly  horizontal  Cretaceous  sand- 
stones, with  a  slight  southwesterly  dip. 
Above  these  are  sandstones  interstrati- 
fied  with  shales  containing  leaves  of 
Pliocene  age.  Upon  these  lie  accumu- 
lations of  volcanic  ashes,  scoriee  and 
breccia,  and  over  all  rests  a  heavj'  bed 
of  basaltic  lava.  The  section.  Fig.  74, 
is  taken  across  the  general  direction  of 
tTie  streams,  and  presents,  therefore, 
cuts  across  a  series  of  lava-topped  belts, 
intervening  between  the  streams. 

The  great  auriferous  region  stretch- 
ing to  the  south  of  this  has  also  been 
the  theatre  of  extensive  lava  displays. 
In  El  Dorado,  Calaveras,  and  other 
counties  are  other  table  mountains,  but 
in  Tuolumne  county,  one  hundred  and 
fifty  miles  south,  is  the  Table  Moun- 
tain which  has  become  so  celebrated  for 
its  connection  with  mining  operations 
and  the  discovery  of  fossil  remains.  Its 
mode  of  origin  is  not  different  from  the 
origin  of  those  in  Butte  county.  The 
summit  of  the  mountain  is  occupied  by 
a  heavy  bed  of  basaltic  lava  one  hun- 
dred and  forty  to  one  hundred  and  fifty 
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feet  thiok.  Its  width  is  nhuut  1,700  ft^et.  Underneaui  u  fthetvy 
deposit  of  detrilal  material  very  distinctly  stratified  and  nearly 
harizontal,  composed  mostly  of  tine-grained  sandstone  or  feebly 
coherent  sand,  intorstratified  in  which  are  tine  argillaceous  shales 
and  clays.  With  these  are  beds  of  gravelly  materials  strongly 
cohering  together,  and  called  "cement"  by  the  miners.  At  the 
bottom  is  the  "  pay  gravel"  or  the  "channel,"  a  body  of  course 
gravel  exactly  like  that  seen  in  the  bed  of  an  ordinary  river,  and 
here  gold-bearing.  The  entire  thickness  of  the  detrital  beds 
directly  under  the  centre  of  the  lava  is,  in  one  locality,  at  least 
fully  two  hundred  feet.  But  this  thickness  is  much  less  at  the 
edge  of  the  deposit,  owing  to  the  rise  of  the  underlying  vertical 
auriferous  slates  on  each  side,  as  shown  in  the  figure,  forming 
what  is  known  to  the  miners  everywhere  in  California  as  the 
"  rim  rock."  The  rim  rock  rises  here  fnlly  one  hundred  and 
fifly  feet  above  the  level  of  the  "pay  gravel."  The  latter,  occu- 
pylng  the  lowest  position,  is  four  or  Hve  feet  thick,  and  in  tfaia 


■STi  «  or  Tp  mr,  Codhtt  Ca  t  the  Bu  kbtb  TusmI. 
Lb  1  form  ng  tlio  Ub  ■  I  iind»  e  uuOEr  b  a  ?  (  a  tl  Slatt  iV  Old 
river  bed;  B",  the  modem  riiet  bed,  T.  Tunnel  Ihrongh  Ihu  rltn  aisle  to  Uio 
"deop  piBcera";  C,  Modera  Onrol  and  "alullnw  p1»ere."  Tbt  dotled  llnusliidl- 
KSle  IhB  probuble  condgnrBCIon  of  thfl  lurfBco  whuo  (he  larm  wui  oniptBd.  (AdiipMd 
rroui  Whitney.) 

place  is  eighty  feet  wide.  To  reach  this  gravel,  tunnels  are  run 
in  through  the  rim  rock,  as  shown  on  the  right,  or  sometimes 
through  the  cement.  When  the  channel  is  reached,  it  is  "drift- 
ed" on,  the  miners  following  the  paying  streaks,  or  lines  of  aurif- 
erous gravel,  up  and  down  in  the  bed  of  the  ancient  water- 
course. 

What  else  but  a  water-oourse  could  this  trough  have  beeu? 
What  else  but  a  bed  of  river  gravel,  this  which  lies  strewn  along 
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the  bottom  of  the  channel  here  excavated  in  the  slates?  There 
was,  in  a  former  time,  a  stream  flowing  from  the  east  over  the 
outcropping  edges  of  the  auriferous  slates,  and  strewing  its  bed 
with  gravel  from  the  quartz  veins  in  the  slate.  On  each  side  was 
a  sufficient  rise  in  the  surface  to  boui\d  a  Hver  valley  as  indicated 
by  the  dotted  lines.  By  some  change  in  the  mode  of  action,  the 
sands  were  laid  down  over  tlie  gravel.  Then  came  an  enormous 
flow  of  lava  from  the  vents  of  the  Sierra,  occupying  the  entire 
bed  of  the  stream  and  partly  filling  the  valley.  The  stream  dis- 
placed wore  a  new  channel  along  the  border  of  the  lava  bed.  It 
wore  the  bounding  slope  away,  and  sunk  a  modern  channel  deeper 
than  the  old  one,  leaving  the  lava  to  cap  an  elevation  in  the  very 
place  where  once  was  the  valley.  The  modern  stream  brings 
auriferous  gravel  like  the  ancient  one.  These  are  the  "shallow 
placers";  the  other  gravels  are  the  deep  placers. 

The  table  mountains  of  Butte  county  admit  of  a  similar 
explanation.  But  the  direction  of  the  modern  streams  in  this 
region  crosses  ihe  course  of  the  ancient  ones.     Many  impressive 
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examples  of  a  similar  nature  occur  in  central  France,  some  of 
which  are  illustrated  in  Fig.  76. 

Many  remains  of  mammalian  quadrupeds  have  been  found  in 
the  deep  placers  of  California.  They  embrace  mastodon,  rhino- 
ceros, and  extinct  species  of  horse,  species  of  hippopotamus  and 
camel  related  to  the  living  species,  and,  finally,  several  humnn 
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bones,  including  an  imperfect  skull.  The  question  remains  ss  to 
the  precise  age  of  these  auriferous^  gravels;  but  it  appears,  at 
least,  that  enormous  floods  of  lava  have  been  poured  out  overfthe 
plains  and  valleys  of  the  western  slope  of  the  Sierra  since  man 
became  an  inhabitant  of  California. 

It  is  not  necessary  to  enter  further  into  particulars.  Not 
only  has  so  large  a  part  of  California  been  inundated  by  sheets 
of  molten  lava,  but  even  larger  areas  have  been  covered  in  other 
regions  of  our  Pacific  slope.  According  to  Leoonte,  **  the  great 
lava  flood  of  the  Northwest  covers  an  area  of  I5O9OOO  to  SOOyOOO 
square  miles,  and  is  3,000  to  4,000  feet  thick  in  its  thickest  part, 
where  cut  through  by  the  Columbia  River  at  the  '  cascades.' "  In 
another  place,  at  least  seventy  miles  distant,  where  cut  into  2,500 
feet  deep  by  the  Des  Chutes  River,  at  least  thirty  suocessiTe 
sheets  may  be  counted.  Another  great  hiva  flood,  according  to 
Gilbert,  covers  25,000  square  miles  of  Arizona,  and  is  8,000  feet 
thick  in  its  thickest  portions.  In  New  Mexico,  according  to 
Captain  Dutton,  the  San  Mateo  Mountains  are  a  voloanio  pile 
11,380  feet  high,  carved  into  numerous  spurs  by  magnifioent 
gorges.  From  this  centre  the  lavas  reach  out  for  forty-five  miles 
to  the  north -north-east,  and  in  other  directions  for  eighteen  to 
thirty  miles.  The  lava  forms  a  superficial  sheet  over  each 
mesa  or  table,  ranging  in  thickness  from  fifty  to  two  hun- 
dred feet.  Many  of  the  vents  scattered  around  the  flanks  of 
Mt.  Taylor  can  be  easily  identified.  The  "necks"  or  "chim- 
neys" which  are  left  standing  in  the  valley  plains  beyond 
the  farthest  verge  of  the  lava-capped  mesas  are  among  the 
most  striking  features  of  the  country.  One  is  nearly  2,000  feet 
liigh. 

Those  who  have  visited  the  **  Giant's  Causeway  **  or  Fingal's 
Cave  have  seen  other  great  masses  of  rocky  material,  having  all 
the  essential  characters  of  lava  erupted  from  volcanoes.  These 
are,  indeed,  the  results  of  igneous  eruption,  though  there  be  no 
mountain,  and  no  discovered  point  where  the  outflow  took  plaoe. 
It  escaped  through  fissures.  One  travelling  along  the  highway  in 
the  valley  of  the  Connecticut  south  of  Hartford  may  notice  at 
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I  abrupt  ridge  ruFining  in  a  straight  line  across  the 
Alluvial    meadows.      Examinik- 

tion  discloses  the  existence  of  a 
vertical  wall  of  rock  rising  from 
the   underlying  sandstone  and 
rising  out    of   it.     The  nature 
of  the  rock  is  essentially  lava- 
like.   It  seems  to  have  been  lava. 
which   rose  in   a  molten  state 
I  fissure  in  the  stratified  sandstones  beneath.    This  is  called 
Dikes  of  melaphyr  are  shown  in  Fig.  46,  and  an  actual 
Fig.  83.     In  the  Meriden  Mountains, 
masses  of  ancient  lava  which  have 
Hie  outflows  continue  along  the  val- 


throug 

a  dike. 

group  of  trachytic  diki 

not  far  away,  we  discover 

risen  through  such  dikes. 


ley  of  the  Connecticut  to  New  Haven,  where  prominent  head- 
lands are  known  as  "  East  Rock  "  and  "  West  Rock."  Travelling 
up  the  Hudson,  our  attention  is  arrested  by  the  "  Palisades," 
which  are  only  another  mass  of  ancient  lava  erupted,  like  the 
Giant's  Causeway,  without  the  intervention  of  a  volcanic  moun- 
tain. In  Fig.  46  is  shown  a  basaltic  outflow,  intended  to  illus- 
trate basaltic  formations  in  various  parts  of  the  world.     Basaltic 


]5r. 


GEOLOGICAL  erTCDIGS. 


outflows  often  assume  columnar  form,  uid  wa  obMrre  that  tb» 
axis  of  the  column  is  alwayi  at  right  angles  witb  the  oooling  anr- 
face.  Ill  Fig.  78  the  columns  are  vertical  becaose  the  oooling 
surfaces  wcro  lioHzontaL  In  Fig.  79,  which  shows  a  dike  of 
hanalt,  the  columns  are  horizontal  because  the  oooling  sarfaoes 
wiTc.  viTtit^al.     If  we  take  a  mass  of  wet  starch  and  allow  it  to 


cootmo  SobtxcmTss 


€■>••]  rapidly,  a  similar  prismatic  structure  is  developed,  as  is  seen 
in  tlje  laundry  st&roh  of  the  markets.  The  form  is  perfaapa  dse 
to  general  shrinkage.  Possibly  ancient  lavas,  while  cooling, 
<1pvelo|)ed  a  Eimilar  structure  from  the 


At  Keweenaw  Point,  or  its  vicinity, 

on  the  south  shore  of  Lake  Superior, 
aie  the  evidences  of  an  enormous  out- 
flow of  molten  lava,  which  issued  in 
i-ery  remote  times,  and  spread  out 
in  numerous  sheets,  alternating  with 
sheets  of  pebbles,  which  have  become 
remcnted  into  conglomerate.  In  this 
occurs  tlie  native  copper.  Much  of  this 
lava  presents  the  character  of  amygda- 
liii'7,  F'l'^.  SO.    AVhon  cooling,  it  abound- 
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ed  in  bubbles  of  gases,  and  became  exceedingly  vesicular,  like 
some  scorite  of  modern  volcanoes.  After  the  gases  escaped,  the 
cavities  were  filled  with  various  minerals,  infiltrated  in  a  state  of 
solution.  The  rock  receives  its  name  from  the  almond-ah&ped 
inclusions,  and  it  retains  the  name  even  after  the  minerals  have 
dissolved  out. 

The  Geological  Sur\-py  of  Italy  lias  lately  published  sections 
of  the  island  of  Elba,  which  show  a  mass  of  Eocene  strata  inter- 


penetrated and  interbedded   in   an  extraordinary  i 

dikes  and  intrusions  of  porphyry,  which  materially  swell  the  maas 

of  the  island.     Fig.  81  is  one  of  the  sections 

Mr.  G.  K.  Gilbert  in  a  report  on  the  Henry  Mountains,  of 
Utah,  has  made  us  acquamted  with  an  extreme  development  of 
infrwsti'e  lavas;  that 


for 


Igneous 


the 


seams  separating 
sedimentary  strata 
(Fig.  8S).  Such 
cases  have  long  been 
known,  and  Fig.  46 
shows  porphyry  so 
intruded.  But  i  n 
the  Henry  and  other 
western  mountains, 
the  force  and  volume  of  the  intrusion  have  been  such  as  to  aclu- 
aily  lift  the  overlying  masses  of  strata,  as  here  illustrated.  Sub- 
sequently, erosions  have  in  some  cases  worn  away  the  overlying 
strata,  and    the    included   porphyritic  trachyte  is   gnawed   into 
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inatiy  fantastic  shapes.    The  creat  of  Mt.  Holmea  (Elg.  8S)  afford! 
an  excellent  illustration  of  dikes. 

Recurring  again  to  Fig.  46,  we  notice  a  represeatatioD  of  a 
vein  of  granite  injected  into  another  luaBS  of  grauite.  It  is  tha 
general  opinion  that  granite,  in  vein  form,  must  have  ooolsd 
from  igneous  fusion;  but  there  are  some  who  think  otherwise. 
You  sec,  also,  that  rooks  of  the  eruptiva  class  inclnde  also  por- 
phyries  and  other  varieties  somewhat  different  from  commoa 

Tlie  observations  svhioh  we  Iiave  made  in  the  last  three  studies 
show: 

1.  That  the  internal  temperature  of  the  earth  increases  as 
we  penetrate  downward.  There  is  consequently,  and  neoeasarily, 
a  constant  Iransfer  of  heat  from  the  deeper  and  warmer  parts  to 


Fia.  8S.~Tbc  CRzn  or  Ut.  Holhu,  Utah.    (OUbart.) 

the  shallower  and  cooler  parts.  In  other  words  there  is  a  contin- 
ual flow  of  heat  from  the  interior  to  the  surface,  and  a  final  rel- 
ation and  wastage  of  it  from  the  surface.  Thus  the  simple  fact 
of  internal  Increase  of  heat  proves  that  the  earth  is  now  eooUng. 
3.  The  numerous  evidences  of  more  highly  heated  conditions 
at  the  surface  in  ages  past  are  proof  that  the  cooling  proceaa  hat 
been  lo>u/  yoing  on.  Our  earth  must  therefore  be  contemplated 
as  a  coolitif/  body.  Many  of  the  most  important  events  in  its 
physical  history  are  known  to  have  resulted  as  incidents  of  cool- 
ing.    The  fact  of  cooling  has  been  a  determinative  principle  in 
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terrestrial  progress.  It  has  had  something  to  do  with  the  earth's 
physical  vicissitudes  and  resultant  forms.  Through  these  it  has 
necessarily  exerted  conditioning  influences  on  the  organic  beings 
which  have  populated  its  surface. 

From  what  former  high  temperature  has  the  cooling  pro- 
ceeded ?  Most  of  those  who  speculate  on  this  question  agree  that 
the  whole  earth  was  once  in  a  state  of  igneous  fluidity.  Not  dis- 
covering any  reason  to  conclude  that  even  this  was  the  starting 
point  of  the  process  of  cooling,  they  carry  the  history  of  terres- 
trial matter  back  to  a  state  of  molten  mist  floating  in  a  gaseous 
medium. 

EXERCISES. 

What  is  the  evidence  of  the  tilting  of  the  cretaceous  strata  at  Tuscan 
Springs,  before  the  lava  was  poured  out?  Wliat  is  the  proof  of  a  subsequent 
tilting?  Wliicli  way  do  the  strata  dip  at  Tuscan  Springs?  Can  you  draw  a 
diagram  indicating  the  termination  of  the  Cretaceous  strata  at  a  higlier 
level  than  at  the  springs?  What  is  the  evidence  of  the  existence  of  such 
higher  outcrop?  IIow  does  the  water  become  wanned  ?  How  does  it  obtain 
its  mineral  properties?  IIow  can  you  reconcile  the  northeasterly  dip  of  the 
auriferous  slates  with  the  fact  that^-he  Sierra  lies  in  that  direction?  How 
can  the  Cretaceous  sandstones  over  them  be  nearly  horizontal?  Can  you  ex- 
plain why  they  dip  slightly  in  the  opposite  direction?  What  is  the  source  of 
the  "pay  gravel"  in  tlie  deep  placers?  By  what  streams  transported? 
What  is  the  difference  between  these  and  the  shallow  pLicers?  After  a  lava 
stream  displaced  the  old  river,  how  came  a  new  channel  into  existence  on 
each  side  of  the  lava  stream?  What  is  the  evidence  that  tlie  ancient  streams 
of  Butte  county  ran  across  the  direction  of  the  modern  streams?  Have  you 
ever  seen  a  deposit  of  volcanic  rock?  What  locality  of  volcanic  rocks  is 
nearest  to  this  place?  Could  vesicular  lavas  form  if  the  cooling  took  place 
under  great  pressure?  Why  do  you  answer  thus?  Do  you  think  the  tra- 
chyte of  the  Henry  Mountains  is  vesicular  or  compact?  Why  do  you  answer 
thus?  Are  amygdaloids  of  sedimentary  origin  or  not?  Are  they  metamor- 
phic?  Do  they  denote  any  particular  kind  of  eruptive  rock?  Does  the  des- 
ignation relate  to  composition  or  to  structure? 


4 
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STUDY  XXV.— JIfatintom  ^lenomma. 

Let  us  trace  somewhat  farther  the  results  of  disturbances  of 
the  earth's  crust.  If  we  turn  back  to  Fig.  38,  we  notice  that  the 
distur})ance  of  the  strata  results  in  an  elevation  of  surface  having 
the  appearance  of  a  mountain.  You  have  already  recognised 
here  tfie  indications  of  an  upheaval  of  the  granite  mass  which 
seems  to  burst  through  the  beds  of  gneiss  once  overlying*  This 
figure  may  be  taken  as  a  general  section  across  the  Laurentian 
mountains  of  Canada  or  the  Adirondacks  of  New  York.  The 
Humboldt,  Wahsatch  and  many  other  mountains  exhibit  a  simi- 
lar structure.  But  we  are  not  certain  the  central  mass  becomes 
exposed  to  view  in  consequence  of  protruding  through  the  over- 
lying rocks.  Perhaps  the  gneisses  or  other  strata  continued  to 
conceal  the  granite  or  other  central  core,  after  the  upheavaii,  and: 
have  been  subsequently  worn  away.  It  is  also  quite  supposable 
that  a  granite  summit  was  originally  uplifted  above  the  sea 
level,  and  the  gneisses  when  forming  as  sediments  never  covered 
that  portion  of  the  granite  now  exposed  to  view.  It  requires 
sometimes  much  study  to  determine  in  which  way  it  happened  that 
the  central  mass,  whether  granitic  or  not,  stands  uncovered  by 
later  strata.  In  the  case  of  the  Laurentian  mountains  and  the 
Adirondacks,  the  third  explanation  is  held  to  be  the  true  one. 

The  section  through  Tennessee,  Fig.  33,  which  we  have  used 
to  illustrate  erosion,  is  also  a  good  illustration  of  two  kinds  of 
mountain  structure.  At  the  east  we  see  the  massive  strata  of 
the  TInaka  ranges  standing  at  a  very  high  inclination,  and  rising 
to  an  average  altitude  of  5,000  feet,  along  the  entire  eastern  bor- 
der of  tlio  state.  We  find  at  least  twenty- two  stimmits  which 
exceed  G,000  feet  in  altitude.  These  rocks,  according  to  Safford, 
are  cliiefly  thick  beds  of  sandstones  and  conglomerates  of  the 
Primordial  Group  (see  Fig.  39),  partly  in  a  metamorphic  state  — 
that  is,  changed  to  gneisses  and  schists.  There  are  two,  and  for 
part  of  the  distance,  three  parallel  ranges  constituting  the  Unaka 
chain,  and  this  is  a  part  of  the  great  Appalachian  chain,  stretch- 
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ing  from  New  England  to  central  Alabama.  The  strata  of  the 
Unaka  ranges  are  seen  to  be  monoclinal —  having  the  dips  all  in 
the  same  direction.  This  may  be  distinguished  from  the  anti- 
clinal structure. 

Recurring  again  to  the  section  through  Tennessee,  we  observe 
a  fine  example  of  another  class  of  mountains.  The  Cumberland 
table  land  stands  at  a  mean  elevation  of  2,000  feet  above  sea 
level.  It  is  a  flat-topped  mountain  from  fifty  to  seventy-five  miles 
in  width,  and  stretching  from  Georgia  through  Tennessee  and 
Kentucky.     It  can  indeed  be  traced  through  West  Virginia  and 
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Fio.  84.— Section  from  the  Catskill  Mountains  to  the  Hudson  Riveb.    (Mather.) 

Pennsylvania  into  southern  New  York.  It  subsides  in  northeast- 
ern Alabama.  As  we  inspect  this  east  and  west  section  through 
the  table  land,  it  becomes  obvious  that  this  is  not  a  mountain 
mass  which  has  been  upheaved,  but  is  a  region  of  relief,  result- 
ing from  vast  erosions  along  its  eastern  and  western  sides.  The 
contiguous  valleys  have  been  excavated.  The  strata,  moreover, 
remain  nearly  horizontal.  They  have  not  been  disturbed.  They 
consist  of  rocks  of  Upper  Carboniferous  age.  Lookout  Moun- 
tain and  Missionary  Ridge,  the  sites  of  important  battles,  are 
outliers  of  this  great  table  land.  Mountains  of  relief  are  styled 
by  Powell,  "  cameo  mountains." 

The  Catskill  Mountains  present  a  similar  structure  (Fig.  84), 
consisting  of  nearly  horizontal  beds,  but  having  a  slight  dip  south- 
west, piled  up  two,  three,  or  four  thousand  feet  above  sea  level. 
They  belong  to  the  age  of  the  Devonian.  The  Uinta  Mountains 
are  somewhat  in  the  form   of  a  table  land;  but  they  are  not  a 
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proper  table  land,  since  upheaval  aa  well  a 
certicd  in  the  production  of  the  salienoe.  Tbey  are  one  hundred 
and  lifty  miles  long  and  fifty  broad.  In  Fig.  86  is  presented  an 
idealized  section,  from  Powell,  showing  a  mass  of  folded  strata 
in  the  interior,  over  which  passes  a  broad  swell,  which  has  been 
extensively  eroded  and  flattened  along  the  top.  Actual  observa- 
tion lias  not  extended  below  the  level  oi  A  B.  C  JO  w  the  sea. 
level,  and  Y  is  the  bed  of  the  Green  River,  which  has  been  ena- 
bled to  cut  through  the  mountain,  because  it  existed  before  the 
mountain,  and  the  mountain  slowly  rose  under  it,  as  a  Ic^  movea 
on  a  saw.  The  river,  then,  as  Powell  suggests,  has  sawed  tho 
mountain  in  two.     The  actual  elevation  of  this  fold  was  about 


3U,U00  ft:et.  Tlie  mean  depth  of  the  degradation  from  the  sum- 
mit is  tliree  and  a  half  miles,  and  as  the  area  of  the  mountain 
proper  is  about  2,000  square  miles,  the  total  degradation  is  7,000 
cubic  nnl<^3.  The  materials  were  deposited  in  the  bottom  of  th» 
ocean  then  contiguous.  This  took  place  during  the  earlier  Eooen«. 
On  the  north  the  sedimentation  partly  supplied  from  this  8ouro« 
amounted  to  more  than  6,000  feet,  and  in  some  parts  to  8,000 
feet.  Wc  thus  get  new  illustrations  of  doctrines  previously 
generalized. 

From  what  we  have  already  seen,  it  is  apparent  that  different 
portions  of  the  earth's  crust  have  been  subject  to  conuderaUa 
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vertical  movements.  These  could  hardly  be  conceived  to  take 
place  without  extensive  fracturing  of  the  strata.  In  fact,  a  re- 
examination of  some  of  our  Sections,  which  are  simply  pictures 
from  nature,  will  disclose  the  presence  of  fractures.  In  the  sec- 
tion through  Tennessee  (Fig.  33)  we  find  a  break  some  distance 
east  of  tlie  Cumberland  table  land.  Notice  that  the  strata  on 
opposite  sides  dip  in  opposite  directions,  and  do  not  correspond 
together.  On  the  eastern  border  of  the  valley  of  East  Tennes- 
see is  another  break,  and  the  strata  on  opposite  sides  have  differ- 
ent inclinations,  and  do  not  correspond.  Such  an  occurrence  is 
called  a  faulty  or  dislocation.  Many  times  the  rocks  on  one  side 
of  the  fault  have  been  raised  or-  lowered  more  or  less  from  their 
original   position,  and   sometimes  considerable  movements   have 
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Fig.  86.— Section  East  and  West  ix  Central  IJTAn,  Showing  Numerous  Faults. 
a,  Trlassic;  6,  Jurassic;  f,  Cretaceous;  rf,  Laramie;  «/,  Tertiury.     (Duttoii.) 

taken  place.  Vast  dislocations  exist  elsewhere  in  tlic  Appalach- 
ians, and  this  is  indicated  in  the  diagram.  Fig.  34.  In  several 
cases  the  downthrow  amounts  to  5,000  or  10,000  feet;  and  Lesley 
gives  an  account  of  a  fault  not  less  than  20,000  feet,  bringing 
upper  Devonian  strata  on  one  side  opposite  the  lowest  Cambrian 
on  the  other. 

Some  of  the  grandest  fractures  and  faultings  known  in  the 
world  occur  in  the  Rocky  Mountains  and  tlie  regions  farther 
west.  The  anticlinal  of  the  Park  Range  of  the  Rocky  Mountains 
was  cleft  down  the  axis,  and  the  eastern  half  depressed  10,000 
feet.  Colorado  Range  was  severed  by  an  enormous  southeast- 
northwest  fault,  which  dropped  the  region  of  the  Laramie  Hills 
6,000  or  7,000  feet  lower  than  the  southern  continuation  of  the 
same  ridge.     The  inclined  easterly  dipping  Palaeozoic  and  Meso- 
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zoic  rocks  of  the  Wahsatch,  in  the  region  of  the  Cottonwood, 
rested  against  the  abrupt,  precipitous  face  of  a  granite  cliff,  of 
which  30,000  feet  arc  now  exposed  (King).  In  Fig.  86  we  have 
a  section  in  central  Utah,  showing  seven  faults.  The  great  fold 
of  the  Uinta  Mountains  produces,  along  some  parts  of  its  bor- 
ders, so  sharp  a  flexure  that  the  strata  are  broken  and  faulted. 
A  great  fracture  runs  along  the  axis  of  the  Sierra  Nevada  for 
300  miles,  accompanied  by  a  dislocation  of  3,000  to  10,000  feet. 
For  a  large  part  of  this  distance  the  eastern  half  of  the  split  fold 
has  sunken  down  to  a  level  with  the  plain,  while  the  western  half 
remains  elevated.  The  consequence  is,  that  the  mountain  pre- 
sents a  gentle  slope  on  the  west,  and  a  very  precipitous  one  on 
the  east.  This  appears,  consequently,  to  be  a  mountain  of  a  type 
different  from  any  before  distinctly  mentioned.     It  is  a  mono- 


Fio.  88.— Gbatlock,  a  Synclinal  Mountain.  (EmmonB.)  &,  Gruylock;  2f,  Hoosac 
Mountain  and  Tunnel;  .4,  North  Adams;  /,  I,  "Eolian  Limestone"  (Trenton);  t,  Tal- 
coid  Schist;  m,  Mica  Schist;  g^  Gneiss;  «,  Steatite. 

clinal  mountain,  but  the  continuity  of  the  strata  is  not  inter- 
rupted by  erosion,  but  by  precipitation  into  the  abyss.  Similarly 
the  Wahsatch  range  has  been  cleft  by  a  fault  at  least  100  miles 
long,  and  the  west  half  has  sunken  40,000  feet  (King).  As  iho 
faulting  process  has  had  so  much  to  do  with  the  surface  config- 
uration of  the  plateau  region  of  the  West,  we  reproduce  in  Fig. 
87,  from  Powell,  a  bird's-eye  view  of  the  great  Colorado  plateau 
north  of  the  Grand  Canon  shown  in  the  sketch,  Fig.  31.  This  will 
be  convenient  for  reference  in  connection  with  other  points  of  geo- 
logical interest. 

In  Fig.  88  is  shown  another  variety  of  mountain.  This  is  a 
synclinal  mountain,  or  one  in  which  the  dips  of  the  strata  are 
from  opposite  sides  toward  the  centre  of  the  mountain.  Corre- 
spondingly, the  contiguous  valleys  are  anticlinal.     This  results 


from  the  more  mpitl  erosion  experienced  along  the  exposed  and, 

probably,  fractured  anticlinal  crest.     In  conwqiienoe,  tlic  actual 
original  crest  hss  bpcn  lowerpd  below  tlio  level  of  tlii»  valley,  and 


Fia.  89.— SECTinK  TaRorun  Ht.  Keaiisaiiue.  N.  11.,  ^qo'vtxu  Istkiueai-Stbitcti 
(C.  H.  HItclHTock.l  W,  Wllmot;  W  B,  Wilmol  Hoa«c;  Wh  H.  White  Boat- 
FlumbagoPI.:  a,  PoriilirriUc  Oiwlu;  t,  AadklnBlW  Uica  Scblili  c  Oniillff. 

the  valley  stands  forth  as  an  elevation.     Tims  a  valley  comes  into 


irilulograpb.) 

the  valley  was.  Mt.  Kearsarge,  in  Now  Hampshire  (Fig.  80),  ii 
one  of  m&Dy  illustrations.  It  is  one  of  the  various  results  of  iht 
combined  action  of  upheaval  and  erosion. 


I'HBNOUEdA. 


In  Figs.  90  and  91  we  have  views  of  a  type  of  mountains 
resulting  from  a  vertical  position  of  schistose  rocks  sharpened  by 
weathenng.  These  are  the  well  known  "  needles  "  {aiijuilUs)  o( 
the  Alpine  ranges. 

Now  let  us  reduce  to  a  systematic  statement  the  various  types 
of  mountain  structure  to  which  our  attention  has  been  directed, 
whether  in  this  study  or  preceding  ones. 


I  Rook  Rakor,  Cal 


TYPES  OP  MOUNTAIN  STRUCTURE. 
.    Sedim«iltar7.     The  mountain  mass  composed  of  sedimentary  rocks. 
1.    Upheaval,  modified  by  subsequent  denudation. 
(I)  Anticlinal  in  origin  and  /undamental  form, 
(a)  Ajnphiclinal  in  actual  form.     Actual  ilips  bolli  wnjs. 
Rock;  Mountain  and  Basin  Ranges, 
(a)  Central  mass  an  antecedent  exposure — primordial. 

Laurentian,  Adirnndac,  Humboldt. 
(^)  Central  mass  protruded,  at  revealed  bj'  denudation. 
Mill  Mountain,  Ya.,  Finon  and  Diamond  ranges. 
(h)  Monoclinal  in  actual  fnnn. 
(a)  Resulting  from  denudation. 

Unaka  Mountains,  Tenn.  and  N.  C. :  Wolf  Ridge,  Xa. 
(j9)  Resulting  from  faulting. 
Elk  Mountains,  Sierra  Nevada,  Wahsatch,   manj  Basin  r 
Tjrpical  structure  of  Rocky  Mountains.     (Diitton.) 
{c\  Orthoclinal,  with    the  strata  vertical  (generally    sharpennl    hj 
erosion). 
Alpine  "Needles."    Castle  Rock  range,  Cal. 
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{d)  Hyperclinal,  or  *'Fan  Structure."    Tilting  carried  beyond   the 
vertical. 
Mont  Blanc,  St.  Gothard,  San  Luis,  and  Santa  Lucia,  Cal. 
(2)  Acliiial.     Strata  horizontal  or  nearly  so. 
(a)  Bounded  by  monoclinals.     Uinta  mountains. 

(h)  Bounded  by  faults.     Kaibab  structure  of  Powell.     (Runs  into  pre- 
ceding.) 
Common  in  the  "Plateau  Province." 
2.    IIelief.     Salience  resulting  from  contiguous  erosions. 

(1)  Tabular.     Stratification  horizontal. 

Cuml)erland  Mountains,  Catskills,  House  Mountain,  Va. 

(2)  Synclinal.     Strata  dipping  into  the  mountain  from  opposite  sides. 

Mt.  Kearsarge,  N.  IT.;  Becraft's  Mountain,  N.  Y. ;  Mt.  Eolus, 
Vt,,  Graylock,  Mass.,  Mt.  Everett,  Mass. 
11.   Eruptive. 

1 .  Material  a  deposition.     Ejected,  and  brought  down  by  gravity. 

(1)  Volcanic  cones  of  ashes  and  cinders  (generally  with  lava  added). 

JEtuiiy  Vesuvius,  Shasta,  Mauna  Loa. 

(2)  Volcanic  sheets  of   ashes  and  cinders,   subsequently  eroded    into 

saliences.     Erupted  depositions  of  Oregon.     Peperino  beds  of 
Italy  and  elsewhere. 

2.  Outflow  of  molten  matter  forming  sheets,  subsequently  eroded. 

Ijava  mesas  and  mountains.     Ridges  near  Silver  City,  Col. 
ITT.    Combined.     Strata  uplifted  by  intrusions  beneath. 

1.  Turgcscence  of  crust.     Action  producing  fractures  and  an  excess  of 

(1  vkes  and  veins.     Island  of  Elba. 

2.  Laccolitt^s.     Action  intrusive.     Laccolites  variously  eroded. 

Henry  Mountains,   Sierra   Abajo,   El  Late,    Navajo  Mountain, 
Indian  Creek,  Wv. 

EXERC^ISKS. 

When  wc  find  a  region  having  granitic  rocks  at  the  surface,  why  are 
there  no  other  rocks  over  the  granite?  Can  you  be  certain  of  the  reason  why 
the  ^^ranite  is  exposed?  Suppose  the  granite  is  much  higher  than  the  nearest 
newer  rocks,  what  then  would  you  conclude?  What,  if  the  granite  exposure 
is  lower  tlian  neighboring  rocks  of  later  date?  How  do  you  know  when 
rocks  are  of  later  date  than  the  granite?  Suppose  we  find  a  mountain  with- 
out granite  exposed  at  the  summit,  does  it  probably  contain  granite?  In  the 
section  through  Tennessee,  Fig.  33,  point  out  two  types  of  mountain  struc- 
ture. In  what  direction  do  the  rocks  dip  in  the  Unaka  mountains?  Is  this 
a  case  of  upheaval?  Is  this  an  anticlinal?  How  many  branches  or  sides  has 
an  anticlinal  ?   How  many  are  seen  in  the  Unakas?   Which  branch  is  present? 
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Where  is  the  other?  What  other  type  of  mountain  in  the  Tennessee  sec- 
tion? Is  this  also  a  case  of  upheaval?  Is  the  Uinta  Mountain  strictly  a  table 
land?  Has  there  been  any  upheaval  there?  How  does  this  case  differ  from 
an  ordinary  anticlinal?  How  do  we  know  ihat  the  Green  River,  which  has 
cut  through  it,  is  older  than  the  mountain?  If  the  river  flowing  south  had 
been  obstructed  by  the  mountain,  where  would  the  river  have  gone?  Would 
it  have  been  possible  for  other  streams  to  cut  the  mountain  in  other  direc- 
tions? What  is  the  extreme  extent  to  which  you  could  conceive  the  moun- 
tain cut  up?  How  might  a  detached  outlier  or  column  have  originated? 
How  do  we  know  the  formations  north  of  the  Uinta  were  derived  partly  from 
the  destruction  of  the  Uinta?  When  several  thousand  feet  of  sediments 
accumulate  on  a  sea  bottom,  do  you  think  the  bottom  would  tend  to  sink? 
Suppose  some  thousands  of  feet  are  removed  from  the  Uinta  mountains,  do 
you  think  the  unloading  would  cause  the  region  to  rise?  Look  at  Fig.  87 
and  point  out  the  faults.  Show  where  there  has  been  a  downthrow.  Show  a 
structure  somewhat  similar  to  that  of  the  Uinta  Mountains.  Point  out  val- 
leys of  erosion.  Do  the  Uinkaret  Mountains  look  like  anticlinals?  Does  the 
Pine  Valley  Mountain?  Where  is  the  Grand  Cafion  in  this  view?  Which 
way  does  it  run?  In  what  direction  do  these  great  faults  run?  Draw  a  dia- 
gram to  explain  how  a  synclinal  mountain  might  originate. 


STUDY   XXYl.—Mountai?i  Formatioyi. 

We  now  present,  in  Fig.  92,  a  remarkable  section  in  the  Appa- 
lachian region,  worked  out  by  Prof.  J.  L.  Campbell.  All  the 
principal  varieties  of  mountain  structure  are  here  shown.  The 
strata  are  Cambrian,  Silurian  and  Devonian,  and  the  particular 
formations  are  indicated  by  numbers  and  letters  corresponding- 
with  the  general  table  of  formations,  Ft.  II,  ch.  ii,  §5.  For  the 
purpose  of  showing  the  relation  of  the  different  kinds  of  rocks  to 
the  work  of  erosion,  the  conglomerates  are  distinguished  by  coarse 
dots,  sandstones  by  finer  ones,  shales  by  closely  ruled  lines,  while 
limestones  are  blocked,  and  those  of  different  periods  otherwise 
distinguished.  Here  will  be  noticed  two  great  faults.  The  mass 
between  them,  some  four  miles  long,  has  been  thrown  down. 
The  dotted  lines  indicate  the  former  extension  of  strata.  This 
section  must  be  much  studied.  It  is  substantially  a  real  section. 
Such  bendings,  altitudes  and  fractures  are  facts  scientifically 
worked  out. 
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A  free  glance  at  the  foregoing  section  conveys  the  distinct 
impression  that  a  pile  of  rocky  sheets  has  been  subjected  to  a 
folding  process,  and  afterward  extensively  denuded.  The  fold- 
ing process  has  in  some  places  fractured  the  strata,  and  caused 
dislocations.  It  is  quite  possible  that  the  faulting  was  a  subse- 
quent event.  If  this  section  were  again  flattened  out,  it  would 
increase  considerably  in  length.  In  the  process  of  folding, 
therefore,  the  original  length  must  have  diminished.  If  this  dia- 
gram were  exact,  and  made  to  measure,  we  might  lay  a  thread 
along  one  of  the  formations  from  end  to  end,  and  then  measure 
the  length  of  thread  required,  and  thus  ascertain  the  percentage 
of  shortening  in  consequence  of  the  folding.  King  estimated 
that  ten  per  cent  would  not  more  than  express  the  shortening  of 
the  strata  folded  up  along  the  belt  of  the  fortieth  parallel.  Some 
of  the  basin  ranges  have  even  undergone  a  longitudinal  shrink- 
age of  over  ten  per  cent.  (King,  S.  F.  Emmons.)  Claypole 
measured  a  section  sixty-five  miles  long,  across  Huntington, 
Juniata  and  Perry  counties,  in  Pennsylvania,  and  calculated  the 
original  length  of  the  strata  had  been  about  one  hundred  miles, 
giving  a  shrinkage  of  thirty-five  per  cent.  We  may  admit  that 
this  is  perhaps  an  exaggerated  estimate,  and  still  feel  certain 
that  enormous  shrinkage  of  a  folded  crust  must  take  place. 

A  little  reflection  makes  it  apparent,  also,  that  the  movement 
of  contraction  and  folding  must  be  the  result  of  pressure  from 
without.  A  linear  shortening,  accompanied  by  folding,  results 
from  pressure  from  the  ends.  There  must  have  been  some  enor- 
mous lateral  pressure  experienced  by  all  parts  of  the  folded 
crust.  This  conviction  is  strengthened  by  the  appearance  of 
the  heavy-topped  folds  which .  resulted  in  the  upheaval  of  the 
Alps  of  central  Europe.  The  well  known  J^an  structure  of  the 
Alps  is.  a  remnant  of  the  huge  inflated  folds,  whose  extremities 
appear  to  have  been  pressed  together  by  the  continuance  of 
the  pressure  after  the  folds  had  been  formed.      (See  Fig.  93.) 

We  generalize,  therefore,  the  important  principle  of  lat- 
erdl pressure  exerted  iji  the  eartKs  crust. 

Given  an  enormous  lateral  pressure,  then  either  the  contig- 
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uous  parts  of  the  crust  will  be 
crushed  together  and  inter- 
mingled, or  the  crust  will  break 
and  certain  strata  will  slide  over 
and  between  others;  or,  finally, 
the  crust  will  suffer  wrinkling, 
as  shown  in  Fig.  94.  When 
once  a  form  like  this  has  been 
inaugurated,  then,  evidently,  all 
increased  pressure  from  the  di- 
rections A  and  JS  will  tend 
further  to  elevate  a  and  de- 
press b  and  c.  When,  at  length, 
the  weight  of  the  fold  a  be- 
comes very  great,  pressure 
from  the  directions  A  and  J5, 
instead  of  lifting  the  fold  higher, 
will  develop  new  folds  at  II 
and  G,  The  new  folds  will  not 
arise  until  the  weight  of  a  be- 
comes sufficient  to  overcome  the 
rigidity  of  the  crust  at  ^and  G, 
That  is,  when  the  crust  is  more 
rigid,  the  fold  a  will  be  sus- 
tained at  a  higher  altitude.  So 
we  deduce  the  principle  that 
the  highest  mountains  will  come 
into  existence  in  the  epoch  when 
the  criist  possesses  most  rigid- 
ity;  that  is,  in  times  geologi- 
cally recent;  because,  through 
terrestrial  cooling  and  contin- 
ued sedimentation,  the  crust  is 
becoming  thicker  and  more 
rigid.  A  study  of  mountains 
confirms  the  deduction,  since  all 
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the  highest  mountains  are  composed  chiefly  of  Csenozoic  and  Meso- 
zoic  strata. 

To  illustrate  further  the  effects  of  lateral  pressure,  and  to  de- 
monstrate experimentally  a  probable  origin  of  many  mountains, 
M.  Favre,  of  Geneva,  devised  the  experiment  set  forth  in  Fig.  95. 
He  spread  a  layer  of  clay  on  a  stretched  sheet  of  India  rubber, 
and  allowed  the  sheet  slowly  to  contract.  The  sheet  may  be  five- 
eighths  of  an  inch  thick,  six  and  three-fourths  inches  wide,  and 
sixteen  inches  long.  When  stretched  to  twenty-four  inches,  it 
may  be  covered  with  a  layer  of  potters'  clay  from  one  to  three 
inches  thick,  made  as  adherent  as  possible  to  the  India  rub- 
ber, with  a  block  of  wood  applied  at  each  end.  The  slow 
contraction  of  the  India  rubber  develops  the  appearances  seen 
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Fio.  94.— Formation  of  Wrinkles  in  the  Earth's  Crust,  with  Pakallel  C'oNTiouors 

Furrows. 

in  the  figure.  Now,  when  you  carefully  inspect  this  figure, 
you  note  several  important  points  of  resemblance  to  the  moun- 
tain corrugations  on  the  earth's  surface  :  (1)  There  is  a  set 
of  folds  or  anticlinals.  (2)  Some  of  the  anticlinals  are  frac- 
tured along  the  crest.  (3)  The  folds  present  a  tendency  to  be 
elongated  in  a  direction  at  right  angles  to  the  direction  of 
the  pressure.  We  note,  also,  other  points  :  (1)  The  upper 
layers  are  more  folded  than  the  lower;  the  lower,  therefore, 
must  have  been  shortened  by  squeezinff  together.  Perhaps  the 
lower  strata  in  the  earth's  crust  have  been  similarly  squeezed 
together,  or,  instead,  have  suffered  an  infinite  number  of  small 
plications  in  place  of  large  folds.  (2)  The  corrugations  are  scat- 
tered  over  the    entire   surface,   instead   of   being  grouped    like 
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[1  a  gre^t  uh&iii.  (3)  The  loagitudinklity  and 
paraDeliBin  of  the  folds  arise  from  the 
fact  that  the  pressure  was  exerted  from 
two  directions.  As  mountains  present 
similar  characters,  we  may  infer  that 
they  also  receive  pressure  from  two 
opposite  directions.  These  seem  to  be 
facts  and  valid  inferences  as  far  as  they 

In  the  reaiilts  of  mountain  inakiug 
we  seem  therefore  to  detect  the  evi- 
ilences  of  enormous  lateral  pressure  ex- 
erted from  all  directions,  but  especially 
from  directions  at  right  angles  with  the 
axes  of  mountain  ranges.  What  data 
have  we  for  inferrinpf  the  origin  of  these 
pressures  ? 

Now,  our  attention  has  been  di- 
rected to  some  facts  which  seem  to 
indicate  that  the  earth  is  a  cooling 
body,  and  has  for  many  ages  been 
cooling.  A  cooling  process  is  a  shrink- 
ing process.  Hence  the  earth  has 
contracted  in  volume;  its  circumfer- 
ence has  become  leas.  Now,  if  the  mat- 
ter of  the  crust  or  exterior  had  cooled 
at  the  same  rate  as  the  interior,  the 
shrunken  crust  would  still  fit  the 
shrunken  interior,  and  so  no  wrinkling 
would  be  possiblo.  But  the  crust  is  in 
a,  ]io5ition  between  the  heated  interior 
and  cold  external  space,  and  these  oon' 
tending  influences  hold  the  temperature 
of  the  crust  at  a  point  somewhat  uni- 
form; while  all  the  heat  emitted  by  the 
interior,    in   this  contest,  tends  continu- 


MOUNTAIN   FORMATION.  175 

ally  to  reduce  its  temperature.  While  therefore,  the  interior 
shrinks,  the  crust  retains  its  ancient  circumference.  It  is  there- 
fore obliged  to  wrinkle  to  dispose  of  the  surplusage. 

But  a  general  shrinkage  of  the  earth  would  thus  result  in 
a  process  of  crustal  wrinkling  having  no  relations  to  parallels  or 
meridians.  It  would  be  a  wrinkling  like  that  of  the  skin  of  a 
withered  apple.  There  must  be,  to  produce  our  mcridionally  dis- 
posed mountains,  some  force  acting  more  energetically  from  east 
to  west  than  from  north  to  south;  or  else  there  must  exist  in  the 
crust  some  ingrained  predisposition  to  yield  to  the  action  of  east 
and  west  forces. 

Now,  I  think  it  may  be  shown  that  both  causes  have  existed, 
but  the  exposition  of  them  would  carry  the  elementary  student 
too  far.  Let  us  therefore  simply  state  the  principles  and  await 
the  opportunity  for  their  full  comprehension.  (1)  The  earth  has 
shrunken  more  along  its  east  and  west  circumference  than  along 
its  north  aiid  south  circumference.  This  has  resulted  from  dimin- 
,  ishing  oblateness  due  to  gradually  retarded  rotation.  (2)  In- 
grained meridio7ial  predispositio7is  exist.  I  have  elsewhere  sug- 
gested that  the  tidal  action  of  the  moon  while  the  earth  was  yet 
in  the  incrustive  stage,  must  have  implanted  a  meridional  struc- 
ture which  predisposed  to  wrinkling  more  considerably  in  the 
north-south  direction  than  in  the  east-west  direction.  Ocean 
pressures  could  have  had  no  agency  in  initiating  the  direction  of 
mountain  trends,  since  the  axes  of  the  earth's  folds  existed  before 
the  oceans,  and  the  bounds  of  the  oceans  were  indeed  determined 
by  them  from  the  beginning. 

If  we  glance  again  at  the  plateaus  of  the  Grand  Canon  (Fig. 
87),  we  see  a  vast  region  shivered  by  faults.  We  see  great  slabs 
6f  the  earth's  crust  uplifted  on  one  or  more  sides,  sometimes  to 
mountain  altitudes.  Now  while  some  fracturing  of  the  crust 
inust  have  accompanied  the  actions  which  upraised  mountain  folds, 
we  cannot  conceive  of  huge  unbent  slabs  as  a  product  of  action 
whose  characteristic  it  is  to  produce  bent  and  crumpled  rocky 
sheets.  Here  we  have  the  evidences  of  a  force  acting  vertically, 
hot  tangentially.     It  is  as  if  an  ice-covered  lake  had  been  par- 
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tially  drained.  The  ice  subsides  and  undergoes  fracture  along 
countless  sub-parallel  and  intersecting  lines.  Should  the  lake  be 
a<2:ain  fdled,  and  then  again  drained,  and  this  process  several 
times  repeated,  the  joints  in  the  ice  would  be  opened;  there 
would  arise  dislocations.  Some  cuboidal  masses  would  be  lifted 
up.  Tlie  accompanying  lateral  motion  would  throw  some  into 
confusion,  and  the  whole  would  present  some  resemblance  to  the 
actual  aspect  of  these  plateaus.  Now  we  have  the  evidence  of 
a  most  copious  escape  of  molten  matter  from  beneath  the  crust 
of  the  plateaus  during  the  later  stages  of  the  continent's  history. 
In  tin*  present  state  of  our  knoweldge,  perhaps  we  can  do  no  bet- 
ter than  to  connect  with  these  lava  outflows  such  fluctuations  in 
the  level  of  the  crust  as  might  explain  the  great  system  of  fault- 
ings  so  characteristic  of  western  geology. 

Thus,  our  attention  has  been  directed  to  the  most  obvious 
cliarac^teristics  of  mountain  forms  and  mountain  mechanism;  and 
we  have  tried  to  infer  from  the  phenomena,  the  way  in  which  the 
known  forces  must  or  may  have  acted  to  produce  them.  The 
methods  of  mountain  making  are  not  yet  fully  understood;  but 
as  far  as  we  have  here  gone,  our  inferences  probably  represent 
the  truth.  The  whole  subject  is  too  large  and  too  difficult  for  the 
elementarv  student,  and  he  should  return  to  it  in  an  advanced 
course. 

KXERC^ISES. 

Look  id  Fi«r.  02  and  point  out  the  easterly  end  of  the  section.  Draw  a 
lino  on  th<?  map  siiowing  where  this  section  is  located.  What  mountains 
(lo<s  it  cross?  Why  is  it  not  drawn  exactly  east  and  west?  What  is  the  high- 
est peakV  What  is  its  licight?  What  is  the  lowest  jxunt  and  its  elevation? 
If  you  wcro  on  the  summit  of  the  highest  mountain,  what  would  he  the  age 
of  th<'  rocks  under  your  feet?  Look  at  the  Table  of  Types  of  Mountain 
StiuctuiT^  and  point  out  tlie  typo  to  which  this  Iwlongs.  Point  out  others 
of  the  same  type.  How  much  do  you  estimate  the  highest  mountain  to  have 
be«'n  lowered ?  By  wiiat  means  was  it  lowered?  Wliat  type  is  Furnace 
MoimlaiTi  ?  What  tyi>o  is  the  Hog  Hack?  What  is  the  ]cngt.h  of  this  section 
as  drawn?  Notice  the  formation  marked  7;  what  is  the  name  of  it?  Sup- 
pose il  restored  from  end  to  end  of  the  section,  then  measure  the  total  length 
witli  Male  and  dividers:  how  much  is  it?    What  percentage  then,  did  this 
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Beotion  shrink  by  being  folded  as  it  ia?  Point  out  here  an  anticlinal  valley. 
Point  out  a  sjnclinal  mountaiu.  WJiat  nre  the  evidences  that  this  section 
presents  a  series  of  folds?  Why  are  the  (olds  not  perfect?  Why  was  not 
the  criist  mashed  into  lieaps  instoad  of  folded,  by  the  great  lateral  pressure? 
Did  any  of  the  folds  turn  down?  How  many  folds  inigtit  be  produced  par- 
ftUel  with  each  other?  Why  would  the  central  fold  be  highest?  Why  might 
not  the  silth  fold  be  highest?  Would  the  folds  be  narrow  in  proportion  as 
they  are  low?  Should  the  rocks  niash  together  what  clianges  of  temperature 
would  be  produced?  Would  the  slidiiig  of  one  stratum  over  another  pro- 
duce any  thermal  effects?  Would  the  bending  of  the  strata  produce  any? 
How  high  a  temperature  do  you  think  might  be  produced  by  these  mechani- 
cal actions?  Might  the  heat  be  sufficient  to  melt  the  rocks?  Suppose  there 
were  mere  pressure,  without  motion,  would  heat  be  evolved?  How  might 
metamorphism  result  from  mountain  making? 


STUDY  XXVIl.  —  Veins  and  Ores. 


Let  I 


attention,  not 
Everyone  has 
thill  slieets  of  certain 
sorts  of  rock  material 
cutting  through  a  rocli  of 
some  other  sort.  In 
bowlders  these  intersect- 
ing sheets  sometimes  be- 
come very  conspicuous  in 
consequence  of  the  un- 
equal weathering  of  tlie 
two  kinds  of  rock.  A 
sheet  of  this  sort  is  a 
vein.  Here  is  a  notable 
specimen  in  the  museum 
of  the  University  of  Mich- 
igan. The  projecting  part 
is  a  portion  of  a  quartz- 
OBe  rein  intersecting  a  mass 


to  the  bo  wider- strewn  fields, 
the  kin(h  of  rocks,  but  on 
noticed 


We  now  fix  our 
their   structure. 


fragment 
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■granite  coiiminiiig  a  quartzose  vein  which  was  probably  even 
itli  the  general  surface  of  the  granite.  Notice  now  how  the  vein 
■iijcciis.  '['hat  seems  to  be  only  because  tlie  granite,  hard  as  it 
,  iias  weathL'red  away  su  much  more  than  the  vein.  Many  per- 
ijiis  siijjpose  the  granite  passes  tiirougli  the  quartzose  slab,  like 
]iliLi{.  This  excessive  disappearance  of  the  granite  must  be  the 
Tvi't  iif  iri'itthirhiij;  for  any  process  of  wearing  which  would 
■triove  the  granite  on  all  sides  would  also  remove  the  quartz. 
i'ri%  iheii,  Is  a  conlirination  of  the  doctrine  of  rock  weathering, 
!  \vlii(  li  we  were  brnught  by  the  facta  (considered  in  Study  XVI. 
Ill  oiu-  wnurlerings  among  the  bowlders,  we  often  find  a  rock 
intersected    by    many   veins.     They  present 

, .         ^  iiirious  forms.     Sometimes  they  are  smooth- 

fOiWaiSlvB  sided    and    sharply  distinct    from    the    rock 

fff.  mWit-^  which  thoy  cut,  as  in  Fig.  %.  Sometimes 
they  blend  with  the  rock.  Often  they  branch 
and  pursue  nigzag  courses,  and,  splitting, 
unite  again,  inclosing  portions  of  the  rock. 
Here,  in  Fig.  !)?,  is  an  interesting  example, 
full  of  instruction,  but  not  at  all  infrequent. 
Study  the  forms  and  ramifications  of  these 
veins.  In  some  cases  the  different  veins  ap- 
pear to  be  but  branches  of  one  vein;  but 
what  must  we  say  of  a  rock  like  this  shown 
in  Fig.  98,  where  the  veins  are  of  different 
i-EiTiso  VKiv-i.  sorts  of  material,  and  intersect  each  other  in 
\  IV  1  I!i>»i.ip[-H,  3  complex  fashion.  This  shows  a  surface  of 
syenite  on  the  beach  at  Salem,  Mass.  It  is 
\si\  feet  liy  twenty-sevoii  feet.  It  was  brought  to  notice  by 
hMward  Hitchcock  many  years  ago.  Contemplate  it  atten- 
Iv.  Thesi'  numerous  intersecting  sheets  are  all  veins.  But  as 
I-  iiri'  munerons  intersections,  it  is  obvious  that  an  interseoting- 
Is  mi)ri'  recent  than  one  intersected.  So  the  one  which  In- 
■cls  all  the  others  is  the  last.  The  oldest  is  the  one  inter- 
I'll  hy  all  tiie  others,  or  by  others  which  are  themselves  inter- 
<;\  by  all  the  remaining  ones,  or  by  those  whieh  are  finally  so 


VBINS    ANU    ORES.  179 

interaeoted.  These  veins  are  numbered,  and  you  may  exercise 
jourselveB  in  showing  that  they  are  numbered  in  the  correct  order. 
Veins  2,  5,  and  9  are  diabase;  veins  3,  4,  10,  and  11  are  of  red- 
dish granite;  vein  6,  which  is  forty  inches  wide,  is  a  porphyry, 
and  vein  7  is  also  a  porphyry;  vein  8  is  granitic.  Here  are  ten 
different  epochs  of  vein  formation.  The  syenite  mftss  hfts  been 
rent  at  least  ten  different  times,  and  after  each  movement  some 
sort  of  vein  material  has  filled  the  fissure.  Was  the  material  in- 
jeoted  from  below  in  a  molten  state?     Or  did  it  in61trate  in  solu- 


tion from  the  contiguous  rock?  Or  was  it  poured  in  from  the 
top,  either  in  a  state  of  fusion  or  solution?  These  questions  pre- 
sent tbemselvea  for  reply;  but  the  answers  are  not  obvious,  and 
we  had  better  postpone  their  consideration  till  we  get  other  facts. 
A  little  attention  will  bring  to  our  notice  veins  having  various 
oontenta.  Besides  the  materials  mentioned,  we  often  find  ortho- 
olase,  in  large  crystalline  masses,  filling  veins;  sometimes  calcitc, 
beautifully  crystallized;  sometimes  pyrites,  or  galena,  or  blende. 
AH  these  cases,  and  others,  occur  among  bowlders.     In  metallif- 
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r<p;ions  it  generally  happens  that  several  different  minerals 
in  one  leiii  or  i/angxie  They  are,  then,  sometimes  arraiig'ed 
riiatiini  laiprs  parallel  with  the  rock  wall,  and  each  layer 

IS   called    a   1.0111b.     In  a   regular 

combed  vein  the  combs  are  sym- 

„  metrically  arranged  on  each   side 

'        y'' .   ""* ,  ''  _^       of  the  centre      This  is   shown  in 

~-^S^         the  annexed   Fig.   09,   where  A  A 

~~~  ~~~~        represent    the    country   rock,    or 

rock  formation,  holding  the  vein, 

and  the  bands  u,  h,  c,  etc.,  are  seen 
' ' in  a  section  across  the  filling  of  the 

V  em    fissure,    from    wall    to    wall. 

lit  re  it  appears,  that  after  the  fis- 
-'^^^ — ' -^ ■ '  f-X        sure    was   opened,  the    layers,  or 

lonibs  'I,  '(,  were  first  laid  on  the 

-sriTi  \  *Mi  jhH  A  \iiN  tis       hssure  walls    Then,  under  changed 

111  1  \ns    i[   smpiF  ■*!■       conditions,   the    layers    b,   b   were 

i\  "Cnitu  I  laid  upon  the  first.     Subsequently, 

with  further  changes,  the  layers 
iirl  (I,  1/  wpre  deposited.  Sometimes,  as  in  the  "Three 
s  A'eiii,"  near  Freiberg,  the  number  of  coinbs  is  much 
r.  This  vein,  Fig,  100,  presents  six  different  species  of 
lIs,  occurring  in  eleven  different  combs  on  each  side  of  the 
[  — fimr  of  the  sorts  being  repeated.  Examination  of  this 
111  will  nIiow  the  method  of  arrangement,  and  also  the  min- 
r  iiiipst  frequent  oecurrence  in  metalliferous  veins  or  lodes. 
iit'iiils  do  not  associate  themselves  together  in  lodes  in 
lispuoiis  manner.  When  two  minerals  are  present,  they  are 
to  be  galena  and  blende.  Iron  pyrites  and  chalco-pyritfi, 
nd  quart/,  cobait  and  nickel  ores,  magnetite  and  chlorite, 
I  on.  If  three  minerals  are  present,  certain  rules  are  also 
>■•];  unci  if  more  than  three,  the  geologist  has  learned  what 
ii'i't  together.      This  association  of  minerals  is  known  as 


ilhistrato  further,  in  this  connection,  some  of  the  principal 
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utiilliferous  ores  occur  in  veins;  but  there  are  very  iin- 
:eptions.     Many  rich  lead  mines  occur  iu  crevices  or 
iinc-stones,  which  are  lined  by  the  ores  of  lead  and  zinc. 
Plar-r  mining  is  a  process  of  washing  gravel  and 
sand    to    separate 
the     intermingled 
metallic   particles. 
(SeeStudyXXIV.) 
The  great  beds  of 
magnetite  and 
hromatite    occur 
mostly  in  huge  len- 
ticular masses  con- 
vith  the  stratification  of    the  inclosing  Bohists.     The 
nvii  in   Kigs.   IO;t  and  10-J  are  portions  of    such  lens- 
shaped  beds   in  northern 
New  York.     In  Figs.  105 
and  106  entire  masses  are 
shown.      Here   it    is    ap- 
jtarent    that    the  ore    be- 
longs to  the  same  system 
of     stratification    as    the 
country  rock;  and  in  fact, 
the  lines  of  bedding  often 
■uptedly  from  the  rock  through  the  ore.     (See  espe- 


105.)    Til 


indicates  that  the  o 
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a  rated  subsequently 
to  the  deposition  of 
the  original  sedi- 
ments — a  conclu- 
sion similar  to  that 
before  reached  in 
reference  to  certain 
concentric  struo- 
tures.  (See  p.  4a) 
That  the  great  bods 
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of  liasmalitc  and  magnetite  were  originally  involved  in  the  sedi- 
mentary process  IB  still  more  clearly  shown  in  cases  where  the 
rocks  are  less  nietamorphic  and  the  ore  (generally  a  "lean"  ore) 
presents  continuous  beds  as  shown  in  Fig.  107,  ff,  where  the  iron 
schists  are  conformably  interat ratified  in  a  section  from  the  east- 
ern portion  of  the  Penokie  range. 

Metalliferous  deposits  are  not  to  be  sought  for  indiscrimin- 
ately. In  general,  nietamorphic  rocks  are  more  productive  than 
others.  Certain  products,  also,  are  more  likely  to  occur  in  rocks 
of  certain  age.  Finally,  certain  principlea  of  association  of  min- 
erals (paragenesis),  as  before  stated,  serve  as  a  clew  to  the  dis- 
covery of  particular  metals.  A  few  examples  will  illustrate  the 
distribution  of  the  metals. 


Dloritee;  (7,  Copper-besrtng Rocks  (Kcweenliiiil.  "boutli  Rnnire":  .9,  Si 
Cambrian  Age. 

Iron  is  quite  uiiiversally  distrihutpd.  Th<!  great  beds  of  mag- 
netite, haematite,  franklinite,  and  titaniferous  iron  are  located  in 
the  metamorphic  strata  of  Eozoic  ag-c  In  America,  the  two 
former  occur  chiefly  in  northern  Now  York,  northern  Michigan 
and  Wisconsin,  and  southern  Missouri.  In  Sweden  nearly  all  the 
celebrated  iron  mines  are  of  magnetite  from  Eozoic  rocks,  Titan- 
iferous iron  ore  occurs  at  many  localities  in  the  United  States, 
Canada,  Norway,  and  other  countries;.  Franklinite  is  mined  at 
Hamburg,  N.  J.  Siderite  ranges  from  the  Eozoic  to  the  Carbon- 
iferous strata,  and  in  smaller  quantities  to  later  strata.  In  the 
coal  measures  of  Pennsylvania,  Ohio,  and  elsewhere,  it  occurs  as 
an    argillaceous   ore,    in    nodules,    and    beds   of    clay-iron-stone. 
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Limonite  occurs  hi  Mcaozoio  and  more  recent  (te)>oaits;  and  also, 
as  bog  iron  ore,  in  modern  mBrshoa;  sIbd,  by  hydration  of  lixma- 
titf,  in  rocks  of  greater  age,  as  in  Salisliury,  Cotin.,  and  thenoe 
through  Pennsylvania  aud  Tennessee  to  Alabama. 

Lead,  as  gaUniitc,  and  sometimes  lead  curbonale  or  eerussite, 
occurs  in  ]iockels  and  fiasures  of  the  I^wcr  Cambrian  timeetone  in 
Missouri  and  of  Upper  Cambrian  ("Galena")  limestone  in  Iowa, 
Illinois,  and  Wiaconsin.  Its  mode  of  occurrence  is  shown  in 
Fig.  102,  the  cubical  crystals  of  galenite  attaching  themselves 
to  the  limestone  surfaces,  and  sometimes  attaining  a  weight  of 
sixty  to  seventy  pounds.  Galenite  also  occurs  in  veins,  in  gneiss, 
granite,  argiltitc,  and  crystalline  limestone,  in  various  parts  of 
Europe,  New  York,  and  New  England,  and  in  the  CarbonifcrouB 
Limestone  of  England  and  the  continent;,  Galena  is  often  worked, 
as  at  Leadville  and  in  the  Eureka  district,  for  the  silver  conUined 
in  it. 

Copper  occurs  in  veins  in  metamorphic  rocks  of  Europe  and 
America.  Its  principal  ores  arc  eopper  pyrites  or  chalcopyrit«, 
clirysocolla,  malachite,  and  asiurite.  Native  copper  ocourB  in  beds 
and  veins  in  the  vicinity  of  dikes  and  beds  of  igneous  origin.  In 
northern  Michigan  the  associated  rooks  are  now  thought  to  be 
of  Kewceniau  age — that  is,  next  older  than  Cunibrinn.  In  Npw 
Brunswick,  New  Jersey,  Connecticut,  and  California,  they  are 
Mesozoic.  At  some  localities  on  Keweeimw  Point  and  in  Europe 
in  the  "  Thuringian  copper  slates,"  small  particles  are  collected  in 
large  abundance,  aa  a  sort  of  drift  copper,  deposited  in  beds. 
Copper  ores  are  partial  to  chloritic  and  liornblendic  schists, 
dolorites,  and  serpentines. 

Silver  is  found  native  with  the  niitivo  copper  of  Lake  Superior, 
and  also  elsewhere  in  veins  traversing  gneiss,  achists,  porphyfy, 
and  other  rocks.  In  the  form  of  ores,  the  most  valuable  are 
argentitc  or  "silver  glance,"  stephauito  {both  abundant  in  the 
Comstock  lode,  Nevada),  oerargyrite  or  "horn  silver"  (chloride) 
in  veins  of  clay  slate  in  Nevada,  Idaho,  Arizona,  and  South 
Aruericn.     Argentite    is    very    commonly    found    with    gaienite. 
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Silver  ores  prefer  silicious  or  argillaceous  rocks  to  limestones  or 
dolomites.     They  also  appear  to  avoid  granite  and  red  gneiss. 

Gold  is  found  only  native,  but  it  is  very  frequently  alloyed 
with  silver,  palladium,  or  rhodium.  Its  native  place  is  quartz 
veins  intersecting  metamorphic  rocks,  mostly  chloritic,  talcuse, 
and  argillaceous  schists.  These  range  in  age  from  the  Eozoic  to 
the  Tertiary.  Gold  avoids  lime.  The  breaking  up  of  the  schists 
has  caused  native  gold  to  appear  in  the  drifts  of  many  regions; 
and  from  these  most  of  the  world's  supply  has  been  obtained. 
(Study  XXIV.)  The  exhaustion  of  the  "  placers,"  however,  has 
driven  miners  very  extensively  to  the  quartz  lodes  in  the  mother 
rock.  The  celebrated  Comstock  lode,  which  yields  gold  and  silver 
in  nearly  equal  proportions,  is  mostly  a  sheet  of  crushed  quartz, 
dipping  eastward  33°  to  45°,  with  a  length  of  four  or  five  miles 
and  a  maximum  thickness  of  about  six  hundred  feet.  It  lias 
been  mined  to  a  depth  of  three  thousand  feet,  where  the  enornums 
outflow  of  water  is  found  to  have  a  temperature  of  170°. 

Tin  is  found,  as  cassiterite,  in  rocks  of  great  age  —  mostly 
eruptive  and  metamorphic  —  never  in  limestones  or  dolomites. 
The  world's  supply  has  come  chiefly  from  Europe;  but  mines  are 
now  worked  near  Harney,  Dak.,  and  deposits  which  promise  to 
grow  valuable  are  reported  from  Mexico,  Idaho,  Montana,  Wyo- 
ming, and  New  Mexico,  as  well  as  from  Custer  and  other  localities 
in  Dakota. 

EXERCISES. 

Correct  this  expression :  Mr.  A.  has  a  vein  of  coal  on  his  farm.  If  Mr. 
A.  has  a  bed  of  coal,  has  he  probably  native  silver  also?  What  metalliferous 
ores  might  he  have?  What  are  the  prospects  of  a  man  exploring  for  coal  in 
dark  metamorphic  slates?  What  common  mineral  is  most  frecjuently  mis- 
taken for  gold?  Suppose  pyrite  and  gold  are  both  heated  on  a  shovel,  what 
variations  in  color  do  they  undergo?  AVhat  is  pyrite  composed  of?  What  is 
the  source  of  the  acrid  fume  when  pyrite  is  heated?  Is  it  probable  any  gold 
could  be  found  in  your  neighbor's  garden?  Whence  comes  most  of  the  cop- 
per of  the  United  States?  In  what  form  is  it  found?  Explain  how  native 
copper  may  occur  in  the  drift  of  Ohio  or  Illinois.  Did  you  ever  hear  of  its 
occurrence  in  those  states?  Would  it  be  jiossible  for  native  silver  to  occur  at 
Columbus.  Ohio?    What  is  the  ago  of  tlic  rocks  at  Columbus?    Would  native 
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silver,  if  «)(<Mirriii<j:  ihero,  Ik*  found  in  the  solid  rcK-ks  or  in  the  drift?  Look 
ai  I'lLT.  i^H,  an<l  .slat*'  whetiier  vein  No.  H  wa.s  the  first  formed  vein  there 
sliMUM.  How  do  you  ivason  on  the  sul)ject?  Have  you  noticed  that  granite 
ll.•l«^  Immmi  inaliMl  as  a  MMlinientary  rock,  and  that  here  it  appears  as  a  vein ? 
Call  a  vein  l>r  also  srdinu'ntary ?  Couhl  this  granite  vein  l)e  dissolved  by  any 
Mican-^?  What  substancvs  niav  we  conceive  in  the  water  which  saturated  this 
^yt-niti'  at  a  former  time?  Can  you  think  how  the  grunit-e  vein  could  have 
Immii  d«'j>osit('(l  throui^h  its  walls?  Do  you  regard  it  pmbable  that  any  veins 
liavr  Im'i'M  lilh'd  by  injections  of  nu'lted  matter? 


STU  I)  V  XX  V 1 1 1.—  (itnlo^jtf  nf  Salt, 

Koy  Wost  is  an  island  about  four  miles  long  and  nearly  one 
l)r(>atl.  rbroug-li  tlie  centre,  for  two  and  a  half  miles,  extends  a 
s(Mirs  of  jxMids,  which  are  one  or  two  feet  lower  than  medium 
biiifh  tidrs.  The  j)oii(ls  setMu  to  have  been  formerly  connected 
with  tb(*  sea,  and  to  have  bee?i  cut  off  l)y  the  ridges  of  sand 
thrown  on  the  beach  by  the  waves.  The  separating  ridges, 
thoiiirlj  hiijfbt^r  than  the  ordinary  tid(*s,  ar<^  still  lower  than  the 
hiiili  ti(l<\s,  whiob  occur  twice  a  year  —  in  early  winter  and  in 
niidsunnner.  The  hi<^li  tides,  therefore,  flow  into  the  ponds. 
Art<'r  the  ponds  liave  thus  been  filled,  or  j>artially  fdled,  by  the 
winter  tides,  th(?y  renniiu  exposed  to  the  powerful  evaporative 
infliKuice  of  tb(^  sun  until  the  next  midsummer.  By  this  time 
th<'  water  is  nHU!li  co?idensed.  Another  influx  of  high  tides 
restoits,  perhaps,  the  volume  of  water,  but  the  resulting  brine  is 
salt'-r,  since  no  salt  went  out  by  evaporation,  though  additional 
sail  now  coinos  in.  I)nrin<r  another  period  of  mean  tides  a  large 
amount  of  evaporation  again  takes  place,  and  the  contents  of  the 
ponds  ixM'onie  denser  than  before.  This  process  has  gone  for- 
ward befor(^  our  eves.  We  know  it  is  a  fact.  By  and  by  it  has 
Ix'cn  rejxated  so  many  times  that  the  brine  is  completely  satu- 
rat<'d.  Th(Mi,  win^n  the  next  high  tides  flow  in,  and  the  next 
evaporation  follows,  the  oversaturated  brine  begins  to  deposit  its 
<'xeess  of  salt.  The  next  year  more  salt  is  deposited.  Thus,  in 
course   of   time,  the   pr)mls   co!itain   a   suj)p]y  of  saturated  brine, 
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and  the  bottom  is  covered  by  a  bed  of  salt.     Now,  this  condition 
was  actually  reached  when  the  state  of  things  was  discovered  by 
the  crews  of  vessels  which  made  a  landing,  and  raked  large  quan- 
tities of  salt  from  the  ponds  and  carried  it  away.     These  things    ^ 
are  matters  of  observation.      F^et  us  think  about  them. 

Suppose  some  large  bay  or  gulf  should  become  cut  off  from 
the  ocean,  so  as  to  have  communication  with  it  only  at  high 
tides.  Suppose,  for  instance,  it  should  be  the  Red  Sea.  Then, 
if  the  evaporation  during  the  year  were  greater  than  the  supply 
of  fresh  water  from  the  inflowing  streams  and  the  clouds,  each 
year's  evaporation  would  increase  the  density  of  the  water.  If, 
occasionally,  through  high  tides,  or  extraordinary  storms,  there 
should  be  a  fresh  influx  of  sea  water,  the  amount  of  salt  eventu- 
ally introduced  into  the  basin  would  become  indefinitely  great, 
and,  crystallization  of  salt  having  at  length  begun,  the  amount 
deposited  would  increase  until  the  conditions  should  change. 
Some  sediment,  more  or  less,  would  find  its  way,  also,  into  the 
sea,  and  would  mingle  with  the  precipitated  salt.  The  sea 
would  thus  be  gradually  filled  up.  It  is  supposable  that  the 
obstruction  at  the  straits  might  finally  increase  until  all  access  of 
the  Indian  Ocean  should  be  prevented.  This  might  result  from 
an  elevation  of  the  region  about  the  straits.  The  filling  of  the 
basin  would  now  be  completed,  chiefly  by  fragmental  deposits. 
Or  if,  before  the  filling  of  the  basin,  a  subsidence  should  be  expe- 
rienced, a  new  influx  of  the  ocean  would  bring  new  beds  of  sedi- 
ments over  the  salt  accumulations  precipitated  and  buried  in  a 
previous  age.  If,  instead  of  subsidence,  or  if,  after  a  period  of 
subsidence  and  sedimentation,  there  should  be  an  elevation  of 
the  region,  then  it  would  become  a  part  of  the  land.  We  have 
already  learned  that  events  of  this  nature  have  taken  place  again 
and  again  in  the  history  of  the  world. 

Suppose  we  stand  upo?i  that  land.  There  are  beds  of  salt 
under  us.  If  we  dig  down,  we  shall  sooner  or  later  reach  them. 
These  salt  beds  were  once  the  bottom  of  the  sea.  We  may  find 
more  or  less  pure  salt;  but  we  shall  certainly  find,  also,  the 
mechanical  sediments  which  were  borne  into  the  sea  while  the 


salt  was  oryBtallizirif^,  and  after  llt»  salt  had  oeasod  to  (Tyatu 
\Vc  sliall  firiil,  also,  everything  whinh  wn«  iiriginnlly  in  tlie  sea 

What,  iinw,  shall  wp  conclude  when  we  see  moil  digging  salt 
from  thfe  earth  in  tim  county  of  Chester,  near  Uverjioiil  ?  Here, 
at  Nortliwioli  and  Winsferd,  after  penetrating  through  gypaoous 
clay  120  fpet,  beds  of  rock  salt  are  found  ai\ty  to  niiiaty  feot 
thick.  Beneath  these  are  indurated  clays  for  thirty  or  forty  feet, 
ciiiitHiTiiiip  beds  of  rock  salt,  and  below  these,  100  fuel  more  of 
rock  sail.  Much  of  this  salt  is  earthy,  but  some  is  quite  pura, 
Tlie  salt  is  dissolved,  often  in  ana  water,  and  then  evaporated  in 
pans  bj'  artificial  heat.  This  is  what  we  see  going  on  at  the 
surface.  Are  we  ncit  led  to  conclude  that  here,  in  Cheshire,  is  a 
salt  formation  quite  similar  to  the  one  which  wo  supposed  formed 
in  the  Rfd  Sea  ?  When  we  look  about,  we  see  Cheshire  lying  iti 
a  ireologica!  trough,  bounded  by  the  hills  of  Vorkshire  on  the 
northeasl,  and  the  highlands  of  Wales  on  the  southwest.  The 
fnrrtiiition  filling  the  trough  is  the  Triassic.  We  oan  understand 
thiit  tliat  valley  was  once  a  bay  projecting  inward  from  the  Al- 
iHiitic  Ocean,  and  was  Drobably  filled  precisely  as  ^ve  hxve  sup- 
posed of  the  Red  Sea, 

We  may  subject  this  conclusion  to  severer  tests.  If  we  lake 
a  portion  of  si-a  water  and  evaporate  it,  wo  find  precipitated  buo- 
cossively  peroxide  of  iron  (not  in  all  cases),  gypsum,  oammcm 
salt,  and  epsom  salts,  or  magnesium  sulphate.  Calcium,  mzg- 
npsium,  and  potassium  chlorides  remain.  If  we  take  the  natural 
brine  from  a  well  in  Cheshire  or  Syracuse,  and  evaporate  it,  the 
same  succession  of  precipitates  is  obtained.  The  peroxide  of 
iron  is  thrown  down  in  the  "clearing  vats."  The  gypsum  forma 
the  first  crust  on  the  bottoms  of  the  kettles  or  pans.  The  com- 
mon salt  is  next  orystallized  out  (in  part),  and  the  chlorides 
remaining  form  the  "bitterns."  Examining  more  closely  one  of 
the  salt  formations  —  for  instance,  the  Salina  —  we  find  in  tha 
lower  beds  some  ferniginous  olnys;  above  these,  gypseous  cUyBt 
and  clays  witli  masses  of  gypsum  arranged  in  horizontal  couraea; 
still  higher,  supplies  of  hrinc.  and  in  many  distrieta,  vast  bed»  of 
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rock  salt.  Still  above  are  limestones  with  acicular  cavities,  which 
seem  to  have  been  once  occupied  by  needles  of  epsom  salts. 
Here  is  a  close  correspondence,  and  on  these  evidences  we  may 
rest  our  theory  of  the  origin  of  salt  formations. 

The  theory  is  not  intended  to  apply  to  cases  where  salt  is  con- 
fined to  a  vein  or  dike,  as  at  Bex,  in  Switzerland.  Sometimes, 
undoubtedly,  streams  have  been  fed  by  brine  springs  issuing  from 
older  formations,  and,  discharging  into  inland  lakes  without  out- 
lets, have  undergone  evaporation  and  produced  new  salt  forma- 
tions. Some  of  the  salt  lakes  of  our  western  territories  probably 
have  an  origin  of  this  sort;  but  their  remote  origin  was  in  the 
sea  water  which  salted  the  salt  formations  which  now  surround 
or  underlie  them.  The  Caspian  and  Aral  seas,  however,  are  un- 
doubtedly remnants  of  the  ancient  ocean;  and  when  they  disap- 
pear, salt  formations  will  occupy  their  sites.  The  process  is 
already  far  advanced  in  many  of  the  bays  of  the  Caspian  and  the 
outlying  lakes  along  its  borders. 

Turn  once  more  to  the  geological  map,  page  118,  and  fix  atten- 
tion on  the  formations  stretching  east  and  west  through  central 
New  York.  They  all  dip  southward,  or  away  from  the  Eozoic  of 
Canada.  We  once  constructed  a  section  from  Canada  to  Pennsyl- 
vania (Fig.  53),  which  shows  this  dip,  but  greatly  exaggerated. 
Now,  the  Salina  group,  which  is  the  great  salt  formation  of  New 
York,  occupies  a  position  in  the  upper  part  of  the  Silurian,  as  you 
must  remember  (see  Fig.  39).  The  Helderberg,  which  holds  a 
place  above  it,  is  almost  wanting  in  central  New  York,  and  con- 
sequently the  outcrop  of  the  Salina  at  Syracuse  is  close  by  the 
lowest  Devonian  —  that  is,  the  Oriskany  sandstone  and  the  Cor- 
niferous.     Its  place  may  be  marked  on  the  section  Fig.  53. 

Now  let  us  make  a  section  on  a  larger  scale  for  the  purpose  of 
showing  more  clearly  the  geological  position  of  the  brines  ob- 
tained at  Syracuse  and  worked  under  the  auspices  of  the  state 
for  about  a  hundred  years  (Fig.  108).  Here  we  see  the  Salina 
formation  excavated  at  its  outcrop.  The  excavation  has  become 
filled  with  drift  materials.  A  depression  remained  in  the  drift 
which  permitted  a  shallow  lake  to  exist  for  a  geologic  period; 
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hut  this  lias  !iow  shrunken  to  the  present  Onondaga  Lake  which 
is  honhMvtl  on  the  south  hy  a  marsh.  Beyond  the  marsh  is  the 
liard  ground  on  whicli  Syracuse  is  built;  and  beyond  this  rises  a 
hill  uiid(^rlaid  by  the  Corniferous  and  Onondaga  limestones.  On 
the  slope  of  the  hill  may  be  found  some  outlying  fragments  of 
the  Oriskanv  sandstone.  Now,  the  brine  which  saturates  some 
})()rti()ns  of  the  Salina  strata,  overflows  at  the  border  of  the  form- 
ation, an<l  saturates  the  bed  of  drift  material  filling  the  excava- 
tion just  mentioned.  The  rains  falling  on  the  surface  rest  on  the 
top  of  the  (lo!is(M*  brine,  instead  of  settling  down,  and  the  sur- 
j)lus  flows  into  ()non<laira  Creek.     Accordingly,  the  wells  dug  in 


Fn..     Kl-^.       (Jfoi.oiiY    OF    TUK    SVKA(  I'SK    HltlNKS.      SkcTION    A('K()S8   THE   ONONDAGA  SaLT 

I5\vi\    AT  Syk\(  t>K,  X.  Y.    r,  C'(>rnif(*ntnt«   I.inu'stone :  <>,  Oriskany  SaudBtone;  A, 

llcldcrbcr;:  (iroiip:   ir.  nriiic  Wells. 

tlif  satuiat('(l  drift  r(H'ei\e  a  supj)Iy  of  brine;  and  the  deepest  ones 
obtain  the  strongest  brine.     Tiiese  are  about  400  feet  deep. 

N(»tic(»  that  the  l)rine  supply  is  merely  an  overflow  from  the 
formation,  and  nnist  be  comi^arativelv  weak  and  limited  in 
amount.  Hut  notice  that  the  formation  to  the  south  of  Svracuse 
sinks  to  a  greater  d('j)th.  From  this  it  maybe  inferred  that  arte- 
sian l)oriniis  some  miles  south  would  reaeh  stronger  supplies,  and 
])('rhaps  ('\(n  a  bed  of  rock  salt.  Farther  west,  in  Wyoming 
count  V,  e.\|)('rinients  of  this  kind  have  disclosed  the  existence  of 
]arii<'  supplies  of  native  salt. 

lirf(  rrinir  to  the  !nap  again,  it  will  be  seen  that  the  Silurian 
passes  in  a  l)asin  slope  under  the  ])eninsula  of  Michigan  and  lakes 
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Huron  and  Michigan.  The  Salina  which  ties  near  the  top  of  this, 
outcrops  on  the  east,  at  Grand  River  in  Ontario;  on  the  west,  at 
Milnaukee;  on  the  north,  at  Mackinac  and  on  the  south,  at  San- 
dusky. This  basin  retains,  therefore,  all  its  ancient  salinity. 
Accordingly  salt  borings  carried  to  the  appropriate  depths  in  almost 
any  part  of  the  peninsula,  reach  either  abundant  strong  brine  or 
a  thick  bed  of  salt.  The  diagram  Fig.  109,  illustrating  these 
relations,  shows  a  gradual  increase  in  the  depth  of  the  salina 
basin,  as  we  approach  the  centre  of  the  peninsula.  The  salina 
formation  is  productive  on  the  eastern  and  western  borders,  and 
on  the  northeast  in  the  Huron  peninsula,  and  at  Alpena  on  Thun- 
der Bay. 


Yrn,  100.— GBOLonT  of  Mtchioak  Brinks.    (Verticixl  Seal*  iiiiitli  eiu^t 

■tiona  Inilli'atuil  li.r  numrriili.  l-i-i-  ThIiIc.  Pt.  II.  cli.  ill.  II,  tiiiroii  Grc>n]>.  ci.n«1»I)iiK 
oracliweu  SliHl^.  [-.inuge  anil  ('liemiini;;  12,  Marshall  Saii.Moni':  13a.  MiclHgan  Snit 
Qroup:  1M,  I'll niiit  Sail dPi nil (>  (Cual  runglimiiTali').  (;•>»^>^ica1  t'OfUinnt  at  Brine 
Wc1l>:  /.sr.  Clair  Gmu|ii  //.  Port  .^iietin  Groiip:  ///.  MmiiKlti' nnd  Miii-kt'cim:  /!'. 
(W(tln»l  Well,  PliiKerQuarrlt-B;  [',  Grmid  RaiiW.-;  VI.  l-an-liiEil"*' Ilirceui.nrcBlin:- 
Hve) ;  rir,  Sagiimw  Valley ;  17//,  B»y  Cllj-,  ^lialloiv  well- ;  IX,  Atiii  .^rbor  Arlt-ian 
Boring,  '.a  feet  (no  result). 

But  the  characteristic  salt  format  ion  of  this  state  is  tliu 
"  Michigan  Salt  Group",  which  constitutes  the  lower  part  of  llie 
Carboniferous  Limestone  (sec  Fig.  30),  and  whose  position  is  shown 
in  the  preceding  diagram.  This  basin  underlies  the  greater  part 
of  the  peninsula.  As  the  strata  are  too  compact  to  permit  the 
extensive  accumulation  of  briue,  the  brine  sinks  into  the  underly- 
ing sandstone,  known  as  the  "  Marshall  Sandstone,"  and  indicated 
ill  the  "Geological  Column  "  as  the  probable  equivalent  of  the 
"Catskill  Group"  at  the  bottom  of  the  Carboniferous  System  — 
or  as  many  think,  at  the  top  of  the  Devonian.  The  densest 
brine,  as    in    other   cases,   is   somewhat    remote    from    the    out- 
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cropping  border  of  lli<t  Marshall  reBercoir,  thou)^  th«  line  of 
outcrop  is  marked  by  a  circle  of  s&U  springs.  This  basin  aup- 
pliea  llie  ccliibrnted  wells  along  the  vmIIcv  of  the  Saginaw  River. 
No  native  salt  U  known  to  exist  in  tht*  Michigan  Salt  Group,  and 
it  is  apparent  that  the  brinr  will  eventually  become  exhausted. 
The  fjroup  contains  enormous  deposits  of  beautiful  gypsum,  Thia 
exists  in  a  coiuinuous  atmtum  from  side  to  side  of  the  penin- 
suU.     It  shows  again  the  same  &Bsoi''iatioti  with  silt  as  occurs  in 

Still  iinother  sail  bnain  is  formed  in  Michigan  by  the  Cool 
Miasures.  The  brine  BCcumiilates  in  the  underlying  "Parma 
€<"iglomprate."  (See  Fit,'8.  39  and  109.)  Th.-  Bhali.iw  wells  at 
Bay  City,  on  the  Saginaw  River,  are  supplied  from  this  source. 
The  generally  saliferous  eondition  of  the  formations  in  Michigan 
seenis  to  depend  on  their  dish-like  conformation.  An  a  reaull  of 
this,  they  have  retained  must  of  the  soluble  conslilnents  left  in 
thi-ni  by  the  ancient  sea  water.  There  are  even  indications  that 
a  in-oductivi-  salt  basin  exists  between  the  Salina  and  the  Mar- 
shall sandstone,  in  the  so-calind  "  Huron  Group,"  which  einbraoea 
the  "Chomung"  of  Fig,  39.  'Hiese  strata  are  everywhere  satu- 
rated with  brine  and  "bitterns";  and  they  supply  the  ntimerouB 
"  niineral  wells  "  of  the  state. 

Strata  belonging  to  the  horizon  oT  the  Mirhijvuii  salt  group 
are  similarly  productive  of  brine  and  gypsum  in  Nova  Sootia  and 
New  Brunswick.  The  brine  accumulations  in  Ohio  Kcem  to  be  in 
thf  Waverly  sandstone';  those  of  Kentucky  are  in  the  "knob- 
stones,"  and  those  of  Tennessee  are  in  the  "  silidous  group." 
Th.'Ho  are  nil  the  geologicul  etiuivalente  of  the  Mnrshall  annd- 

Otber  salt  doposils  of  the  western  United  States  are  found  in 
the  Cretaceous.  The  ult  and  gypsum  deposits  at  and  near  Salt- 
ville,  in  Washington  county,  Va.,  are  thought  by  Stevenson 
to  he  not  older  than  Tertiary.  Tlx-  salt  is  from  200  to  500  feet 
lhii;k,  mingled  with  some  red  clay;  and  the  gypsum  occurs  in 
detached  masses,  enwrapped  in  the  clay.  The  basins  are  Pica* 
vated  along  n  fault  which  has  bnniglit  Lower  Carboniferous  and 
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Cambrian  formations  into  juxtaposition.  The  singular  formations 
at  Petite  Anse,  La.,  are  probably  also  Tertiary  or  Post-Tertiary. 
Most  of  the  salt  formations  of  Europe  are  in  different  members 
of  the  Triassic.  Those  of  Russia  are  in  the  Permian;  those  of  the 
Austrian  Alps,  in  the  Jurassic;  those  of  the  Pyrenees  and  of  Car- 
dona,  in  the  Cretaceous;  while  those  of  Wielicza,  in  Galicia,  of 
Tuscany  and  Sicily,  are  Tertiary.  Salt  also  occurs  as  a  volcanic 
product.  The  borings  at  Stassfurt,  Germany,  have  penetrated 
1,066  feet  of  Triassic  rock  salt,  and  at  Sperenberg,  5,084  feet, 
without  reaching  the  bottom.     The  Stassfurt  salt  manufacture  is 

important. 

EXERCISES. 

If  the  Mediterranean  is  salter  than  the  open  sea,  how  can  the  fact  be 
explained?  If  the  Black  Sea  were  not  salter  than  the  Atlantic,  how  might 
the  fact  be  explained?  Why  is  it  necessary  to  redissolve  the  salt  found 
native  in  Cheshire,  England?  What  caused  the  clayey  state  of  some  of  the 
salt?  Was  the  salt  deposited  as  a  sediment?  How  might  gypseous  deposits 
occur  above  salt  beds  as  well  as  below?  What  is  the  cause  of  the  rusty  stain 
seen  in  some  inferior  samples  of  salt?  What  causes  the  moist  condition  of 
some  inferior  salt?  Would  pure  salt  be  best  obtained  by  slow  eva juration, 
or  by  rapid?  Will  you  explain  why?  WHiat  j:K)sition  of  the  strata  is  most 
favorable  for  retaining  their  brine?  What  jwsition  is  favorable  forgetting 
the  salt  leached  out?  Draw  a  diagram  showing  how  a  salt  formation  might 
become  destitute  of  brine.  In  boring  a  salt  well,  would  veins  of  fresh  water 
sometimes  be  passed?  How  could  fresh  water  be  prevented  from  numing 
down  and  mixing  with  the  brine?  Suppose  tlic  Michigan  salt  basin  full  of 
brine;  where  would  the  surface  level  stand?  Could  the  brine  be  anywhere 
higher  than  the  border?  Suppose  the  border  deeply  notched  on  one  side, 
where  would  the  surface  level  of  the  brine  be?  Is  the  surface  of  the  land 
above  or  below  the  probable  surface  level  of  the  brine  in  that  basin?  If 
higher,  will  the  brine  then  rise  to  the  level  of  the  land?  (See  Fig.  109.) 
Why  could  not  a  brine  well  be  a  flowing  well?  May  the  water  from  a  flow- 
ing well  be  brackish?  Draw  a  diagram  explaining  your  view.  In  a  fresh- 
water artesian  well  must  we  also  have  a  basin  arrangement?  Would  a  flow- 
ing well  be  possible  with  a  basin  arrangement?  Suppose  the  rock  arrange- 
ment for  a  flowing  well  Mich,  for  instance,  as  supplies  Chicago  (Fig.  55), 
should  be  filled  with  brine,  would  we  not  have  a  flowing  well  of  salt  water? 
Would  it  last  indefinitelv?  What  would  it  become,  and  whv?  Whv  must  a 
flowing  well  Ikj  a  well  of  fresh  water?  Then  how  can  we  have  a  permanent 
flowing  mineral  spring? 


VM  (iKOLOGICAL   STUDIES. 

S  TL  I)V  XXlX.—Geoiof/t/  of  Petroleum, 

At  the  mouth  of  Thunder  Bay,  of  Lake  Huron,  is  a  little 
ishiiul  known  as  Sulphur  Island.  It  rises  but  a  few  feet  above 
tht*  h'vcl  of  thi*  water,  and  its  surface  is  strewn  with  a  deep  bed 
of  water-worn  fragments  of  black  bituminous  shale  (see  Study 
XI,  and  osjxH'ially  XIII).  A  few  years  a<*;o  some  fishermen  built 
a  canip  lire  on  tlie  the  bed  of  shale,  and  the  shale  itself  took  fire 
and  l)uriMMl  (U'ep  into  tlie  ground,  and  continued  to  burn  for  some 
months.  Tin'  pieces  of  shale  wen^  not  reduced  to  ashes,  but  re- 
taiiu'<l  tlieir  form.  The  bituminous  matter  burned  out  and  they 
w(^re  left  witli  a  redd(Mied  appearance.  Indeed  the  bitumen  was 
seen  to  fry  out  of  tlie  heated  fra«^ments  and  become  ignited. 
Near  hv,  on  tlje  main  land,  is  a  solid  bed  of  this  shale,  and  tliere 
are  some  fossils  in  it  which  we  liave  found  nowhere  except  in  the 
"(ieneset*  Shale/'  at  th(»  top  of  the  Hamilton  Group  (Fig.  39). 
Now  this  (ienesee  Shale  extiMids  from  Central  New  York  into  all 
our  western  states.  The  observation  at  Sulphur  Island,  and  sim- 
ilar ones  elsewhere,  suggest  that  the  formation  contains  an  enor- 
mous suj)ply  of  bituminotis  matter.  Bituminous  matter  is  not 
always  exactly  tlie  same.  It  is  everywhere  composed  of  carbon, 
hvdroii'cii  and  a  little  oxvtfen.  Carbon  and  hvdroo-en  combine  in 
many  dilTerent  proportions  to  form  hydrocarbons.  Some  of  the 
compounds  are  solid  or  tarry,  some  are  liquid  and  some  are  gase- 
ous. K\am})les  of  these  are  a.sphalttim,  coal  tar,  kerosene,  naph- 
tha, benzoic,  illuminating  gas  (Study  XIII).  The  bituminous 
mattei-  which  heat  exj)els  from  the  Genesee  Shale  is  a  mixture  of 
sev<'ial  of  these.  A\'hat  we  call  kerosene,  then,  is  contained  in 
( lenesee  Shale. 

Reasoning  in  this  way,  the  enterprise  was  instituted  some 
vears  ago,  of  extracting  burning  oil  from  black  shales.  It  was 
successiully  done  at  Dartmoor  in  England,  Autun  in  France  and 
B'ulil  ill  Prussia.  It  was  much  more  sueeessfullv  done  in  Breck- 
enridize  county,  Kentucky,  from  cannel  coal,  which  is  only  a  black 
shah-   ix-euliarlv  lich    in   carbon   and   hvdrojren.      It  can   be  done 
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with  greatest  success  from  certain  substances  known  as  Torbanite, 
Albertite  and  Grahamite.  But  all  undertakings  of  this  class  were 
rendered  profitless,  about  1859,  by  the  discovery  of  enormous 
supplies  of  natural  oil  on  Oil  Creek,  in  Pennsylvania;  and  afterward 
in  many  other  regions.  This  natural  oil,  or  petroleinn,  is  essen- 
tially a  bitumen.  It  consists  of  several  hydrocarbons  mixed. 
In  different  localities,  it  is  light,  or  amber-colored  or  dark;  it  is 
thin,  or  dense,  or  tarry,  according  to  the  proportions  of  the 
lighter  and  heavier  compounds.  It  closely  resembles  the  sub- 
stance obtained  from  black  shales  by  artificial  distillation.  Is  it 
possible  the  native  petroleum  comes  also  from  black  shales 
through  a  process  of  natural  distillation  ?  Let  us  examine  the 
circumstances.  In  western  Pennsvlannia,  the  oil  is  found  accu- 
mulated  in  porous  sandstones  some  hundreds  of  feet  below  the 
surface.  They  are  in  part,  at  least,  sandstones  of  the  Chemung 
Group.  Below  them  lies  the  very  same  Genesee  Shale  before 
referred  to  (see  Fig.  III).  Should  that  undergo  a  process  of  dis- 
tillation, the  products  being  lighter  than  water  would  rise  through 
the  water-saturated  rocks  to  some  formation  in  which  it  could 
not  escape.  Suppose  tlie  depth  to  be  800  feet;  is  it  allowable  to 
assume  the  temperature  at  that  depth  sufficient  to  promote  a  dis- 
tillation, however  slow  ?     In  our  judgment  it  is  allowable. 

Let  us  examine  the  situation  in  other  localities.  At  Oil 
Springs  and  other  points  in  Ontario,  oil  has  long  been  obtained 
by  boring  througli  surface  clays  into  the  Hamilton  limestone  —  a 
depth  of  one,  two,  or  three  hundred  feet.  This  is  quite  below  the 
Genesee  Shale.  Rut  there  lies  at  the  bottom  another  and  very 
similar  black  shale,  called  the  Marcellus.  So  tlie  same  kind  of  a 
source  is  present  as  in  Pennsylvania.  But  instead  of  a  porous 
sandstone  here  to  serve  as  a  reservoir,  we  liave  the  shattered  and 
cavernous  limestone;  and  the  clayey  covering  of  drift  shuts  it  in 
(Fig.  110,  //). 

But  we  find  in  Ontario  another  quality  of  oil,  derived  from 
another  source.  In  the  same  township  are  wells  which  consist  of 
shafts  sunken  through  the  drift  to  the  rock,  and  these  obtain  a  dark 
and  tarry  petroleum,  which  is  used  for  lubricating  purposes  (see 
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Fiff.  111)).  TliBctUgram  shows  the  UoiieaoeSiiiklo  above  t  lie  Hamil- 
ton Lluieatonii  extending  umif  r  the  region  of  lliese  wells.  This  be- 
comes the  source  of  oil  which  rises  into  the  gravel  bed  at  the  botluin 
of  the  drift  and  suturates  it,  and  thcnca  flows  into  llie  well.  But 
the  oil  undergoes  some  evkportttion  in  consequeuL'n  of  the  pur- 
tially  jjorvious  character  of  the  drift,  and  hence  a|)|iears  nmro 
tarry  than  the  oil  from  greater  depths.  Both  situatious  bero 
fiivor  our  conjecture.     Let  us  turn  to  West  Vir«iiiia, 

Here  we  find  ourselves  over  the  Uoal  Meusures;  and  find  like- 
wise, two  situations  in  which  potruleuiii  uct-'uiiiuliites.  First,  wa 
get  the  principal  accumulation  iti  what  probably  answers  to  I  ha 
Conglomerate  (Fig.  Ill),  and  we  find  below,  a  serii'a  of  Sub-Con- 
glumerate  Coiil  M^jisuri's,  wliich  are  iniJicated  in  Fig.  39,     These, 


moil  buri-il  wdls;  ///,  Tiat  well,  bowd  BOO  fsot, 

hke  the  true  Coal  Measures,  contain  Htrata  of  durk  bllumiitous 
shale.  The  Sub-Conglomerate  Shales  are,  therefore,  in  the  precisn 
position  to  answer  the  same  purpose  as  thn  similar  Goncsoe  and 

Marcellua  Shales  iu  the  other  eases.  Oil  also  accumitlates  in  th« 
Conglomei-ate  in  suuthweatern  Pennsylvauia,  southeastern  Ohio 
and  northeastern  Kentucky. 

Secundly,  wo  find  sotiiu  oil  accumulated  In  the  sandstones  of 
the  proper  Coal  Measures.     Some  of    the  intt>rstralificd   bluclc 
shales  lie  beneath  the  horixon  of  oil  accumulation,  and  are,  there- 
fore, ill  position  to  yield  oil  by  distillation,  which  may  rise  into  , 
the  sandstones. 

On  the  Cumberland  Itiver,  in  s-mlbpni  KeniucUy,  mniiy  year* 
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ago,  in  boring  for  salt,  a  large  supply  of  oil  rushed  forth.  The 
situation  here  is  on  the  Trenton  Group  of  the  Cambrian.  (Fig. 
39.)  When  we  come  to  a  detailed  examination  of  this  group,  wo 
find  the  upper  half  of  it  (Cincinnati  sub-group)  composed  of 
shales,  marls,  and  limestones.  In  New  York  the  divisions  of  this 
sub-group  are  named  Hudson  River  Slate  above  and  Utica  Shale 
below;  and  the  latter  is  described  as  "a  dark-colored  slate  fre- 
quently loaded  with  carbon"  (Mather),  and,  indeed,  often  igno- 
rantly  explored  for  coal.  Now,  wherever  this  condition  of  tlie 
lower  part  of  the  Cincinnati  sub-group  exists,  wc  have  the  same 
provision  as  before  for  the  evolution  of  petroleum.  On  the 
Great  Manitoulin  Island  of  Lake  Huron  a  small  amount  of  oil 
has  also  been  obtained  from  the  Cincinnati  sub-group. 

In  the  neighborhood  of  Glasgow,  Ky.,  some  petroleum  has 
been  obtained.  The  locality  is  on  the  shattered  and  cavernous 
Carboniferous  Limestone;  and  the  fluid  accumulates  in  the  fis- 
sures, as  in  the  fissures  of  the  Hamilton  Limestone  of  Ontario. 
Underneath  we  find  some  silicious,  dark-colored  shales,  and  below 
these  the  widespread  Genesee  Shale  full  of  hydrocarbonaceous 
matter,  as  elsewhere.     (Fig.  IIL) 

In  this  survey  of  the  facts  we  find  that  oil  accumulation  sus- 
tains no  uniform  relation  to  deposits  of  coal.  The  oil  is  not 
derived  from  coal.  The  situation  in  every  oil  region,  except 
West  Virginia,  is  geologically  below  the  coal,  and  geographically 
remote  from  coal.  Nor  do  we  find  in  beds  of  coal  any  exudation 
of  oily  matter,  while  in  black  shales  we  generally  find  it.  In 
Carbonaceous  Shales  the  hydrocarbons  manifest  a  predisposition 
to  form  and  escape.  Mixture  of  aluminous  matter  with  the  car- 
bon may  be  the  predisposing  cause.  Beds  of  carbon  nearly  free 
from  argiliacous  matter  do  not  undergo  the  change. 

We  should  not  overlook  the  fact  that  manv  limestones  — 
especially  the  Corniferous  and  the  Niagara  —  are  in  some  regions 
densely  charged  with  bituminous  matter.  This  fact  has  led  to  the 
opinion  that  the  source  of  the  oil  is  in  limestones  rather  than 
black  shales.  Accordingly,  a  "test  well"  was  bored  at  Oil 
Springs,  Ont.,  six  hundred  feet  deep,  and  the  Corniferous  Lime- 
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stonp  WHS  |>«iietriited  (Fig,  110),  hut  wjthoiH  any  n.litrtional  sn[T- 
ply  of  oil.  The  s&ine  Hnietitoije  hus  been  tuniiy  tiTiii;^  peiietrittect 
in  Ohio  utul  Miclii^an,  but  no  supply  was  ever  reached.  The 
tnrry  Niagura  Umestone  was  hnrcd  into  in  Chicago,  but  artesian 
water  was  obtained  instead  of  a  supply  of  oil.     (Fig.  55.) 

It  seeuis  reasonable  now  to  infer,  from  the  uniform  relations 
of  the  faets,  that  some  oarbonaoeous,  ahaly  formation  is  always 
the  source  of  the  petroleum,  and  that  it  is  eliminated  from  this 
by  a  slow  process  of  spontaneous  distillation,  undnr  the  infiuenoft 
of  such  temperatures  aa  exist  within  the  crust  of  the  earth. 

The  following,  then,  are  the  conditions  of  oil  accumulation  in 
quantities  of  commercial  iinportaiioe: 

1.  A  itourt-e  /lelow,  from  which  thp  oil  is  elaborated.  Thia 
we  lind  from  observation  to  be  always  a  bituminous  shale. 

2.  A  reserixiir  afwve,  in  which  tho  oil  is  accumulated.  Thia 
is  a  sandstone,  or  a  shattered  limestone,  or  shale. 

3.  A  slightly  anticliMol  pogilion  of  the  reservoir,  to  prevent 
ihc  lateral  aprcad  and  wastage  of  the  oil. 

4.  An  iiiiperi'ioug  rovf.ring,  to  prevent  the  escape  of  the  oil 
to  the  surface  and  volatiliBaticn  there. 

Tf  the  reservoir  is  wanting,  the  presence  of  the  shale  is  un- 
availing, If  tlie  aniicliual  is  crowned  by  a  break,  it  may  result 
in  the  escape  of  the  oil.  In  the  course  of  ages  the  volatiliKRtion 
of  the  light  hydrocarbons  may  leave  a  fi.isure  filled  with  the  solid 
residue.  Thus  is  formed  the  Grahamite  of  West  Virginia,  and 
also  the  Albortito  of  Nova  Scotia.  Tf  the  impervious  covering  is> 
wanting,  the  oil  may  riae  to  the  surface,  and  a  rpsidue,  like  that 
forming  the  "gum  beds"  st  Oil  Springs,  Out.,  will  be  depouted: 
iir,  oil  a  larger  scale,  extensive  beds  of  aaphultum  will  remain,  Aj 
in  Santa  Barbara  and  Los  Angeles  counties,  Cal.;  on  the  isUndv 
of  Cuba  and  Trinidad,  in  the  West  Indies;  in  Egypt,  PalMtine, 
and  other  countries.  The  Egyptian  aaphall  has  for  centuriM 
been  famous  for  its  useful  qualities,  and  is  extensively  used  in 
Europe   for  streets,     California  asphsltum  also  finds   extensive 

Let  us  now  bring  the  facts  together  in  a  lubulur  exhibit: 
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FORMATIONS. 

Dbift  Gravel  (10) 

Sandstones  (9) 
Bituminous  Shale*  (/) 


SOURCE   OF   OIL. 


OIL   REGIONS. 


(n 


C.     Oil  Springs,  Ont. 

Los  Angeles  Connty* 


J'  {  Cal.,  in 
/      etc. 


(«) 


Coal  Measure  Sandstones  (8) 

Coal  Measure  Shales  (e) 

Coal  Conglomerate  (7)  (d)  (e)  (b) 

Shales  and  Shaly  Coals  (d) 


§ 


Carboniferous  Limestone  (6) 
Waverly  Sandstone  (5) 

Chbxuno  Sandstone  (4) 

"  Genesee  Shale  (8) 
Oenesee  Shale  (c) 


(c) 
(c) 

(C) 


< 


Hamilton  Limestone  (2) 
MarceUus  SJiale  (b) 

Comiferons  Limestone 
Niagara  Limestolie 

Fissubbd  Shalt  Limestone  (1) 
Black  Utiea  Shales  (a) 


(ft) 


(a) 


/.     WestVa.;  Southwest  Pa. 

ff.  j  Southwest  Pa. ;  W.  Va.;  North- 
(     east  Ky. 

^  j  Glasgow  region,  Ky.  (part.) 

(  Contiguous  part  of  Tenn. 
O.     Central  O. ;  Venango  Co.,  Pa, 

f  j  Northwest  Pa. ;   Sontbern  N. 
)     Y. ;  Northeast  O. 

E.     Glasgow  region,  Ky.  (part) 

j  D.    Bothwell,  Ont. 
I  C.    Enniskillen.  Ont. 

Bituminous  generally. 
Bituminous  frequently 

fB.    Manitoulin  Island. 
A.    Burksville,  Ky. 


Here  the  various  formations  concerned  are  arranged  in  geo- 
logical order.  Those  which  serve  as  the  source  of  petroleum  in 
America  are  printed  in  italics;  those  which  serve  as  reservoirs, 
in  small  capitals.  The  letters  (a),  (b),  (c),  etc.,  are  used  to  des- 
ignate sources;  the  numerals  (1),  (2),  (3),  etc.,  denote  reservoirs, 
and  the  letters  A,  JB,  C,  etc.,  indicate  regions. 

The  foregoing  facts  are  otherwise  set  forth  graphically  in  the 
accompanying  diagram.  Fig.  111.  Petroleum  is  known  to  exist 
to  some  extent  in  all  formations  from  the  Eozoic  to  recent  de- 
posits. 

Other  important  localities  of  petroleum,  besides  those  men- 
tioned, are  Baku,  on  the  western  border  of  the  Caspian,  in  Geor- 
gia, Rangoon,  Burmah,  and  the  duchies  of  Parma  and  Modena,  in 


Italy.  It  is  also 
reported  from  Deli,  on  the 
cast  CDHSt  of  Sumatra,  one 
well  yielding  270  barrela  a 
day.  The  Baku  petroleum  oc- 
curs in  a.  porous,  argillaceous 
saiidstone  of  Tertiary  age. 
In  the  vicinity  are  hills  of 
volcanic  rocks,  through  which 
springs  of  the  heavier  sorts 
flow  out.  The  Rangoon  oil 
is  obtained  from  wells  sunk 
sixty  feet  in  beds  of  sandy 
clay,  which  real  on  aandstanes 
and  argillaceous  slates.  Un- 
der the  slates  is  said  to  be 
"  conl,"  but  the  strata  are 
probably  of  Tertiary  age,  and 
the  coal  is  likely  to  be  an 
argillaceous  lignite  or  a  bitu- 
minous shale.  In  Loa  An- 
geles and  neighboring  ooun- 
tiea.  Cat,  the  yield  from  Tor- 
tiary  strata  was  5,000,000 
gallons  in  1882,  and  362,000 
barrels  in  1884, 

UlQiuinaling  oil  may  be  ob- 
tained from  alt  organic  sub- 
stances by  distillation.  Petro- 
leum is  probably  derived  from 
both  animal  and  vegetabia 
remains.  That  occurring  in 
limestones  may  be  of  animal 
origin,  but  that  derived  from 
black  shales  more  probably 
has  a  vegetable  origin. 
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The  production  of  natural  gas  in  1885  and  subsequently  has 
grown  to  a  wonder  not  inferior  to  the  yield  of  petroleum  which 
began  in  1859.  It  escapes  from  wells  bored  in  certain  districts, 
generally  1,500  to  2,000  feet  deep.  The  gas  is  a  varying  mix- 
ture of  light  and  heavy  carburetted  hydrogens  —  chiefly,  however, 
marsh  gas  —  and  escapes  generally  under  the  very  high  pressure 
of  100  to  700  pounds  to  the  square  inch.  In  the  vicinity  of 
Pittsburgh,  not  less  than  150,000,000  cubic  feet  were  produced 
daily  in  the  latter  part  of  1885,  and  60,000,000  were  already 
introduced  into  the  city.  Sixty-five  to  seventy  millions  were 
daily  wasting  in  the  Murraysville  district  alone.  Gas  fuel  has 
already  revolutionized  the  manufactures  of  the  city.  It  is 
reported,  also,  that  pipes  are  being  laid  for  conveyance  of  the 
gas  to  Buffalo  and  Cleveland.  Meantime,  enormous  supplies  of 
gas  have  been  reached  in  northern  Ohio  from  wells  which  seem 
to  penetrate  the  Cambrian.  One  is  located  at  Cleveland.  At 
Fremont,  it  is  said,  2,000,000  feet  were  (in  January,  188G) 
yielded  daily.  Gas  and  oil  are  reported  at  Lima,  at  the  depth  of 
1,251  feet.  The  "  Great  Karg  Well,"  at  Findlay,  Ohio,  is  reported 
(April,  1886)  to  yield  10,000,000  feet  daily  from  a  depth  of 
1,144  feet.     The  ignited  jet  ascends  115  feet. 

It  is  impossible  that  such  enormous  supplies  of  oil  or  gas 
should  continue  many  years.  Reproduction  is  undoubtedly  in 
progress,  but  it  is  comparatively  slow.  We  are  using  and  wast- 
ing the  accumulations  of  millions  of  years. 

EXERCISES. 

When  black  shale  burns  with  a  flame,  wliy  does  it  not  crumble  to  ashes 
like  coal?  What  causes  the  reddened  appearance  of  burned  shales?  Name 
some  localities  where  oil  springs  occur.  Can  you  tell  why  Paint  Creek,  in 
Kentucky,  is  so  named?  Is  the  vicinity  of  an  oil  spring  the  best  place  to 
bore  for  oil?  If  not,  why  not?  Does  mineral  pitch  dissolve  in  water? 
What  causes  the  durability  of  asphaltum  when  used  for  pavements?  What 
are  the  characters  of  lubricating  oil?  Can  you  describe  the  odor  of  thft 
Ontario  oils?  Why  is  kerosene  sometimes  called  "coal  oil"?  What  is 
Breckenridge  oil?  What  sort  of  coal  is  found  in  Breckenridge  county? 
How  does  it  diflfer  from  a  bituminous  or  carbonaceous  shale?    Would  there 
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tie  a  {{ood  pruspM'l  of  miuu«hii  in  Et'ttkiuf;  an  uil  Wl^ll  at  Outouagou.  Lakn 
Superior F  l^iuknvrr  this  tUt  of  lix'nli tics,  and  iiidiiMti>,  a»  riMtri;r<tB  you  rati, 
those  most  fuvcimblj' sitiiat»d  fornil  wells,  and  those  least  fuvoMblysitiinLcnj; 
Pot*lBHi,  N.  Y.  I  nitrtford,  Coiiii. ;  Wnukeah*,  Wl«. ;  MohUo.  Ala.  i  (.■hntln- 
noopi,  Toiin.;  IIin|;)iHmU>n,  N.  Y. ;  St.  Clair,  Miuli.;  Utie,  ftrnii. ;  Wbed- 
iiig,  W.  ViLi  Fmiiktnrt,  Ky,;  MonlKal,  P.  Q.:  !S■rlUl^  Ont.  llnvn  ynii 
carefully  eoiisideruil  what  foniUitions  underlie  these  flacesi'  Have  yoti  iiuli' 
caleii  the  oil- prod ufing  lonnatioDs  under  Ihemi'  Have  you  iudiwiliMl  rortnik- 
tions  suited  ti^cvve  osrKMn'mra?  Sfiino  mincml  "guin"[a«|ihDltiim)nM>ura 
oil  the  siirfncH  wmt  of  Qmnd  Trawrw  Bay,  MioU. ,  uiplatn  tio»  this  Iiappfini. 
How  do  the  fi)riiintinnB  uailcrlying  Ht.  rinir,  Mioli.,  eoropara  with  thoae 
iinder  Oil  Springs,  Ont.  ?  If  they  am  ths  same,  why  cannot  oil  bo  oblalned 
at  St.  ('lair?  Wlial  would  ae«iu  to  be  the  wunN;  of  Ihu  puwerfid  gas  wolts 
ill  Knox  entiity,  OhioT  As  13.00(1  fret  of  gas  arc  cstiinatnl  to  lie  equivalent 
in  heating  uiipacity  to  one  ton  of  bitnininous  twiul.  how  many  ions  an  iviirc- 
senteil  by  a  total  supply  at  PitUburgh  of  60,0O0,(K)U  feet '!  How  many  I'lul 
miners  docs  this  supply  of  gas  reprroent? 


STUDY  XXX.—ICx>imi„,,lio>i  of  .S„me  f-'.yi  OoraU. 

Rocks  and  minerals  are  not  the  only  geological  Hpecimeiis 
brought  to  otir  very  doors  m  tlie  Drift.  Every  one  living  in  the 
'western  states,  or  in  soutlicrn  Ontario,  ia  acquainted  with  certain 
■organic  forms  (compare  Study  XVIII)  which  the  untaught  fartuera 
refer  with  amusing  confidence  to  things  familiar  to  ih^in.  Thus 
we  have  "petrified  hoaeycoinb,"  "petrified  wasps'  nests,"  "pet- 
rified horns,"  "  petrified  butterflies,"  "  peirilied  snakes  "  —  not  to 
mention  ''petrified  hands,"  "petrified  feet,''  and  other  petrified 
things,  which  are  nothing  but  eiiriiiua  results  of  the  weathering 
of  rocks.  We  must  try  to  make  some  acquaintance  with  tliests 
objects.  At  present  we  will  look  into  their  structure,  and  here- 
after we  will  ascertain  what  formations  thpy  are  deriired  from. 
It  is  coininon  tn  find  a  promiscuous  aeaemiilage  of  thnse  formB 
gathered  on  some  shelf  or  in  some  box,  badly  cared  for,  and  yet 
too  curious,  and  often  too  beautiful,  to  permit  the  intelligont 
owner  to  throw  them  away.  Often  he  longs  to  know  something 
about  them;  but  there  are  really  few  availablp  aids  within  hia 
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Now,  let  us  look  over  such  a  collection.  Most  of  these  fossils 
are  worn  —  some  too  much  worn  to  possess  value,  but  others 
showing  at  least  some  little  part  in  a  fine  state  of  preservation. 
In  fact,  some  of  the  finest  specimens  ever  found  come  from  the 
Drift  deposits.  Large  and  valuable  collections  may  be  gathered 
from  this  source,  in  any  part  of  the  region  west  of  the  Hudson 
River.  Assorting  these  specimens  according  to  such  knowledge 
as  we  possess,  we  easily  divide  them  into  specimens  which  seem 
to  be  shells  and  specimens  which  seem  to  be  corals,  or  which,  at 
least,  are  not  shells.  Among  those  which  appear  to  be  corals  we 
readily  make  again  another  distinction.  Those  which  present 
any  resemblance  to  honeycomb  or  wasps'  nests  may  be  separated 
from  those  which  are  more  or  less  horn-shaped  —  that  is,  short, 
conical  and  curved,  like  a  young  steer's  horn.  In  picking  out  all 
of  this  division,  we  must  consider  that  most  are  somewhat  broken 
and  worn,  and  we  must  try  to  conceive  the  shape  of  the  missing 
parts.  We  must  also  make  allowance  for  some  irregularities  of 
form.  These  corals  are  not  all  shaped  precisely  like  bullocks' 
horns,  even  when  perfect.  Sometimes  they  are  rather  long  and 
cylindrical;  sometimes  they  are  suddenly  bent  one  way  or  another; 
and  often  they  swell  out  and  contract  at  intervals.  Sometimes 
the  exterior  appears  to  be  covered  by  a  skin;  often  this  has  been 
worn  off,  and  we  see,  externally,  white  lines  imbedded  in  the 
coral  mass,  and  running  from  end  to  end.  This  is  the  division  of 
the  corals  which  we  wish  to  study.  These  are  cup  corals.  A 
group  of  them  is  shown  in  Figs.  112-116.  These  are  several  of 
the  best  preserved. 

First,  study  their  external  characters.  The  whole  specimen 
is  sometimes  called  the  cell.  It  is  also  known  sls  pohjpary.  You 
notice  at  the  larger  end,  which  we  will  call  the  upper  end,  a 
depression,  giving  the  coral  the  appearance  of  a  cup.  This  is 
called  the  calyx,  or  citp  (plural,  caV yces),  and  this  explains  why 
these  are  called  cup  corals.  (Figs.  113,  114,  116.)  The  adjec- 
tive which  expresses  some  relation  to  the  cup  is  calyc'  inal,  as 
calycinal  extremity.  Sometimes  we  find  a  pit  in  the  bottom  of 
the  cup  on  one  or  two  sides,  as  in  Fig.   113.      This  is  a  /oftsay 
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Jhnntftt,  or  foceu.  The  exterior  o(  n.  perftiol  siieoimAn  U  geO' 
erally  covered  by  a  skin-like  covering  called  epi-lAe' ca.  This, 
in  soiii<?  species,  is  Bmooth,  but  more  frequently  il  is  transversely 
ifrinkliid.  {Fig.  112.)  Under  the  epitheca  is  the  tpnlt.  Wbern 
the   pjiithecn    is    wantii>(j;,    ur   has   been    worn    ofl,   wi'   nrinn    see 


.'in'CoRAU.    ni,Ziipbnttltt  Piotljtca.  cilrrii 
Ciijj.    IH,  AmplexM  Shunu/rdl.  genersl  view.    115,  Cliiiaphyltavi  OnildatoM,  iihnw- 
ing  InlerloT.    11«.  rvallutplliillf"»  Cornlcala. 

numerous  white  lines  ruuning  lengthwise  of  the  cora)  (Fig.  134); 
these  are  cog'tce,  or  ribs  {adjective,  eostai).  In  the  cup  may  be 
seen  a  set  of  radiating  raised  lines,  which  look  like  the  upper 
edges  of  radial  plates.  These  extend  from  the  outer  wall  toward 
the  centre.  Different  species  differ  greatly  in  the  extent  of  their 
development.     These  are  generally  called  aep'ta  {singular,  wp- 
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turn).     We  shall  see  that  they  run  lengthwise  toward  the  lower 
end  of  the  polypary. 

Next,  let  us  study  the  interior.  To  do  this  we  may  make  a 
transverse  section  —  that  is,  a  cut  across  the  polypary  at  right 
angles  with  the  axis  or  line  through  the  middle,  from  end  to  end. 
You  will  be  much  interested  in  this  work.  Sometimes  we  find  a 
specimen  broken  square  across,  but  often  we  must  break  it.  The 
surest  way,  to  avoid  spoiling  the  specimen,  is  first  to  ffle  a  groove 
around  the  fossil  with  a  three-cornered,  or,  better,  a  "  knife- 
edge,"  file.  But  you  must  select  a  calcareous  specimen;  a  silici- 
fied  one  would  ruin  your  file  immediately.  Then  resting  the 
coral  on  a  solid  support,  like  an  anvil,  if  you  have  one,  place  the 
edge  of  a  "  cold  chisel "  in  the  groove,  and  strike  a  smart  blow  on 
it  with  a  hammer  or  mallet.  If  the  pene  of  your  geological  ham- 
mer is  not  very  dull,  you  can  use  that  as  a  cold  chisel.  Now 
grind  one  of  the  broken  surfaces  fiat  and  smooth,  and  polish  it. 
You  may  use  first  the  smooth  flat  side  of  a  grindstone;  or  you 
may  use  emery  and  water  on  a  flat  surface  of  lead,  copper  or  iron. 
Next,  you  may  polish  the  surface  on  a  fine  hone;  or  you  may  do 
it  with  emery  flour  on  a  piece  of  plate  glass  six  or  eight  inches 
square.  The  finest  polish  may  be  produced  with  •  dry  emery 
**  slime "  on  a  piece  of  buckskin  tacked  to  a  smooth  board. 
When  a  transverse  section  of  your  cup  coral  is  thus  polished,  it 
shows  a  beautiful  internal  structure  which  you  can  examine  with 
a  lens,  and  of  which  you  may  make  drawings. 

But  it  is  possible  to  do  even  better  than  this.  You  may 
procure  a  very  thin  transverse  slice  —  so  thin  that  light  passes 
through  it,  and  the  whole  internal  structure  will  be  perfectly 
shown.  File  a  deep  groove  around  the  specimen,  a  quarter  of 
an  inch  back  from  the  polished  face,  and  cautiously  chip  off  this 
thick  slice.  Attach  it  to  a  piece  of  thick  glass,  one  or  two  inches 
square,  by  melting  on  the  glass,  over  a  lamp  or  a  stove,  some  hard- 
ened Canada  balsam,  pressing  the  slice,  polished  side  down,  in 
the  balsam,  till  the  air  bubbles  are  expelled.  When  cold  and 
hard,  grind  the  rough  side  as  before,  holding  by  means  of  the 
glass,  until  as  thin  as  paper,  or  thinner  if  still  too  opaque,  and 
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polish  the  surface.  Then  soften  the  baium  uiiil  cautiously  push 
the  slice  off  into  a  few  drops  of  softened  or  liquid  balwm  resting 
close  by  on  a  microsoopie  glass  slide,  takiug  care  to  exolude  (lir 
from  beneath  the  specimt'ii,  A  niicroscopic  slidtf  Is  a  pieoe  of 
glass,  one  by  three  inches.  Next,  cover  the  slice  with  n  drop 
of  balsam,  and  put  on  a  tbin  glass  covtir  sevrn-eighths  of  an  inch 
square,  which  may  be  held  down  by  means  of  a  spring  "clothes- 
pin," until  the  balsam  is  hard.  If  the  balsam  was  liquid  befom 
warming,  gentle  heat  will  now  be  required  to  harden  it.  Fiuftlty. 
superlluous  balsam  should  be  removed  with  n  knife,  and  the  finitl 
cleaning  of  the  surfaces  of  the  gloss  effected  with  spirits  of  tur- 
pentine and  bits  of  cotton  cloth.  There  is  nothing  in  all  this 
beyoud  the  skill  or  resources  of  any  inttjlligeiit  student;  but  llie 
result  will  be  found  both  gratifying  and  iiislruulive.  Thin  slices  ■ 
of  rocks  and  minerals  may  be  slnnlarly  prepared;  hut  siHcious 
specimens  make  more  laborious  nianipulation,  and  it  is  best  to 
begin  with  thin  chips  struck  oft  with  a  hammer.  If  ihin  slices 
of  corals  are  not  made,  many  polished  surfaces  should  be  prepared. 
Now,  what  does  a  thin  section  of  our  cup  uoral  reveal  ?  Here 
it  is,  in  Fig.  117.  You  notice,  first,  the  outer  trnlt.  Next,  you 
see  a  system  of  radiated  structures, 
extending  from  the  wall  toward  the  cen- 
tre. Make  a  transverse  section  at  any 
distance  from  the  bottom,  and  similar 
structures  will  be  seen.  These,  then, 
are  the  septa  before  noticed  in  tho  cup. 
They  are  longitudinal  radiating  platss. 
Some  of  the  septa,  as  you  psrcoive, 
Kg  m— TaiMSTiiBiit  Sac-  ^'f^^"'*  ^^^^  toward  the  centre,  and  in 
TioN  or  A  ccr  coBAi.  this  species  are  a  little  twisted  togotbar. 
'/iT-fw^™  Bs™**^''  ^°'"^  extend  but  a  part  of  the  distanoe. 
This  coral  which  is  shown  in  Fig.  117 
has  also  a  fovea  in  the  cup  —  though  your  specimen  may  not  b« 
sufficiently  perfect  to  show  it. 

Now.  think  over  the  characterB   just  mentioned.     You  may 
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remember  that  this  assemblage  of  characters  forms  the  genus 
called  Zaphrentia, 

Let  us  take  another,  and  different,  cup  coral,  and  prepare  a 
longitudinal  section.     This  may  be  done  in   a  manner  entirely 
similar  to  that  before  described.     Grooves  will  be  filed  length- 
wise of  the  specimen  along  opposite  sides.     Then,  after  polishing 
one  of  the  halves  and  attaching  to  the  glass, 
it  may  be  best  to  grind  away  the  whole  half 
down  to  a  thin  slice.     Sometimes  we  use  a 
large  file  for  coarse  work.     Here  is  the  result, 
in  Fig.   118.     The  outer  wall   is,  of  course, 
shown  as  before.     If  the  section  is  precisely 
central,  none  of   the   septa  will  be  cut,  and 
hence  none  will  be  seen.     Here  are  no  septa 
shown;    but   some   transverse    structures   are 
seen.     These  are  called  floors  or  tabulce,  for 
they  are  thin,  more  or  less  flat  plates.     By 
some  they  are  called  diaphragms  and  septa 
— but  we  will  not  so  use  these  terms.     Notice 
that  in  this   specimen  the  tabulae  are  broad 
and  conspicuous,  extending  almost  from  wall 
to  wall  of   the  body  cavity.  '    Here,  in  Fig. 
119,  is  a  cross  section  of  a  specimen  of  the  same  species.     Notice 
particularly  that  the  septa  are  very  narrow.     Bear  in  mind  this 
combination  of  characters.     It  is  known  as  the 
genus  Amplexus, 

Now  we  shall  find  no  difficulty  in  preparing 
transverse  and  longitudinal  sections  of  many 
different  specimens.  In  Figs.  120  and  121  we 
have  sections  of  a  form  which  shows  septa  not 
reaching  the  centre,  and  tabulie  occupying  only 
the  middle  of  the  cavity,  stretching  from  the 
inner  margins  of  the  septa  on  one  side  to  the 
inner  margins  on  the  other.  This  portion  of  the 
interior  is  known  as  the  central  part  of  the  vis- 
ceral cavityy  or  simply  as  the  visceral  cavity. 


Pig.  118— Longitudi- 
nal Section  op  a 
Cup  Coral  {Amplex- 
us Yandelli)^  Show- 
ing THE  TaBUL-E. 
Defects  in  tabula*  re- 
Bult  from  fopsiliza- 
tion. 


Fig.  119. 


Cross  Sectio.v  or 
THE  Same  Species 
AS  IN  Fig.  118, 
Showing  Vert 
Narrow  Septa. 
See  alj*o  Fig.  115. 
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the  section  (Pig.  130) 


Cup  CoBit  (Cyallto- 
phyHvm),     SHoirnln 


ciated  together  i 
f/i'iphi/llum. 


HPKnxEN  or  tub 
Sake  SracucB  t.e  ix 
Fib.  190  ( Cualkopki/I- 


delicate  stniotures 
region  otitside  of  tho  cen- 
tral part  of  the  viacer&l 
cavity,  and  diriding  it 
into  small  oelMike  ooni- 
(lartments.  This  is  known 
tis  the  peripheral  regiwiy 
and  these  delicate  divid- 
ing lines  are  sections  of 
dimepinienU.  Tliese  run 
obliquely  downward  and 
inward,  as  shown  in  Fig. 


121,, 


tfaiE 


fications  of  tabula-.     You 

will     notice     particularly 

wliat  characters  are  aseo- 

form.     They  constitute  the  genus  Cya- 


s  pause  to  gather  these  few  results  together,  and 
make  some  tentative  generalizations.  The  fundamental  structures 
of  cup  corals,  as  we  have  seen,  belong  to  throe  categories:  (1) 
The  riniral  system,  or  outer  wall;  (2)  the  neptal  system,  or  radi- 
ating vertical  plates  .or  lamellai;  (3)  the  tubidiir  system,  or  trans- 
verse plates.  Let  us  conceive  these  three  systems  to  be  essential 
structures  in  every  cup  coral,  and  to  be  always  present  in  some 
state  of  development,  or  under  some  modificatioi);  and  let  ua  con- 
ceive a  tabula  to  be,  theoretically,  a  floor  extending  across  the 
whole  body  cavity,  from  wall  to  wall.  Then  we  shall  have  some 
interesting  studies  in  tracing  the  homoloyiea  of  those  parts  in 
different  genera  —  that  is,  in  determining  what  structures  should 
be  referred  to  septa  and  what  to  tabub?,  and  what  is  the  n&tnre 
of  the  modification  undergone  by  these  categories  respectively  in 
any  particular  case.  If  these  assumptions  are  not  in  Hocorduncn 
with  fact,  we  shall  bft  unable  to  interpret  eup-corul  structures  on 
the  basis  of  them. 

Wo  must  be  prepared  to  Hnd  each  of  these  categories  devel- 
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oped  to  a  complete  extent,  to  a  partial  extent,  or  only  to  an  in- 
cipient extent;  or  even,  in  some  cases,  they  may  be  obsolete,  that 
is,  only  potentially  present.  If  the  tabulae  extend,  under  any 
modification,  quite  across  the  body  cavity,  they  must  intercept  all 
the  septa,  so  that  the  wedge-shaped  space  between  each  two 
septa  will  be  cut  into  a  number  of  narrow,  wedge-shaped  spaces 
arranged  in  a  vertical  series.  If  the  outer  parts  of  the  tabulse 
are  curved  upward,  instead  of  continuing  horizontal,  then,  on  a 
transverse  section  like  Fig.  120,  they  will  be  cut,  and  their  cut 
edges  will  be  seen  exposed.  From  this  will  result  the  appearance 
of  cellular  tissue  seen  in  the  peripheral  region  of  the  Cyathophyl- 
him,  Fig.  120.  So  we  may  anticipate  other  modifications  of  the 
several  parts. 

EXERCISES. 

If  your  place  of  study  is  anywhere  west  of  the  Hudson  River,  the  Adiron- 
dacs  and  the  Appalachians,  and  east  of  the  Missouri  River,  and  not  on  a 
prairie-covered  region,  you  should  make  a  collection  of  Drift  fossils.  In  this 
is  included  nearly  the  whole  valley  of  the  St.  Lawrence  River  and  the  penin- 
sula of  western  Ontario;  but  we  exclude  the  Eozoic  regions  of  northern 
Michigan,  Wisconsin,  and  Minnesota,  and  southern  Missouri.  Of  course, 
fossils  found  in  place  (in  the  rock)  must  be  had  when  obtainable,  though 
really  Drift  fossils  often  show  structures  more  perfectly  than  these.  ITave 
you  collected  any  fossils?  Have  you  attempted  to  arrange  them  according 
to  their  forms  and  charactei-s?  Take  this  lot  of  fossils  before  us*  and  arrange 
them  as  completely  as  possible.  Point  out  the  cup  corals.  Take  any  specimen 
and  state  what  part  is  broken  away.  What  has  been  the  effect  of  wear  on  it? 
Is  it  silicified  or  calcareous?  Show  where  a  transverse  section  might  be  cut. 
Show  the  longitudinal  section.  Does  this  specimen  show  the  septa?  Does  it 
show  any  tabulss?  Is  the  epitheca  present?  Does  the  peripheral  part  con- 
tain cellular  structure?  What  genus  has  this  character?  Do  the  septa 
extend  to  the  centre?  Take  other  specimens  and  answer  the  same  questions 
in  reference  to  them. 
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STUDY  XXXI.— /^/rMf»-  Examination  of  Cup  CoraU. 

Let  us  seek  furtlicr  facts  by  exHteiitiing  a  genus  of  cap  corsltt 
known  as  Streptdoima.  Iti  Fig.  12"^  we  have  a  view  of  tha 
DBual  nppearance  uf  tli«  exterior,  und  Fig.  133  shows  the  i!U{> 
with  a  fovea  on  one  sidi?,  and  a  aerica  of  septa  reaching  the  centre 
with  somewhat  of  a.  twist.  There  is  no  appearance  of  cellular 
tissue  in  the  peripheral  part,  and  there  ia  no  indication  of  tabnlfe 
except  in  the. partially  i-elliikr  mass  in  the  centre,  which,  in  & 


tliowlint  Cuj).    IM,   ( 


ciises,  we  fijid  raised  into  a  dome-like  elevation.  This  centr&t 
mass  [nay  be  conceived  as  resulting  from  the  intersections  and 
slight  twisting  of  tabulie  and  septa.  In  Fig,  124  we  find  «n 
interesting  exhibition  of  an  arrangenjeut  of  the  septa  uft«n 
called  ^'feather-form  "  or  pinnate.  Tlie  lines  show  where  th» 
septa  co[ne  to  the  periphery,  the  exteniul  wall  in  this  case  boin^ 
deficient. 

This  example  will  serve  to  show  the  mode  of  increase  ol  tha 
si'pta.  A  section  across  Fig.  1S4  close  to  the  lower  end  would 
reveal  only  four  septa.  These  are  the  jiriwary  septa,  A,  S,  (7, 
J),  Fig.  125.  Of  these,  A  and  Care  shown  in  Fig.  1S4.  A  is 
the  chief  s^tvni,  B  the  antistptum,  and  f'  and  If  ihu  lateral 
aepta.     With    the    growth    of  the    coral,   four   additional    septa 
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Two  of  these 


2A2 


lAl 

■€)•• 


li 

Figs.  1Q5,  J2G.— Primitive  Septa 
or  A  Cup  Coral  (Much  En- 
larged). 

125.  The  Four  Primary  Septa,  A, 
B,  C,  D,  with  the  First  Acces- 
sory Septa,  1,  1,  1,  1. 

126.  The  Second  Set  of  Acceesory 
Septa,  2,  2,  2,  2. 
The    numerical    designation    of 

Septa  is  the  same  as  in  Fig.  127. 


appear,  in  the  places  marked  1,  1,  1,  1,  in  Fig.  125. 
are  parallel  with  -B,  one  parallel  with 
C,  and  one  with  2>.  Of  these  four 
additional  septa,  the  one  parallel 
with  C  is  shown  in  Fig.  124.  With 
further  growth,  these  septa  elongate, 
and  others  appear  parallel  with  them, 
as  may  be  seen  at  2,  2,  2,  2,  Fig. 
126,  and  in  part,  also,  in  Fig.  124. 
Thus,  as  growth  proceeds,  and  the 
circumference  of  the  cup  increases, 
the  distance  of  the  septa  in  the  cup 
appears  to  remain  the  same.  Now  let 
us  conceive  the  exterior  of  the  speci- 
men. Fig.  124,  to  be  a  skin,  and  let  us  slit  down  along  the  pri- 
mary septa.  Ay  By  (7,  2>,  to  the  apex.  Then,  removing  the  skin 
and  spreading  it  on  a  flat  surface,  we  shall  see  the  plan  of  the 
septa  and  their  mode  of  growth.  The  appearance  will  be  some- 
what as  shown  in  Fig.  127.  Here  Ay  By  (7,  and  D  indicate  the 
places  of  the  primary  septa,  as  before.  It  is  seen  that  the  whoje 
system  is  divided  into  four  quadrants  or  fascicles  of  septa  —  the 
two  fascicles  on  the  right  of  the  median  line  A  B  being  sym- 
metrical with  the  two  fascicles  on  the  left.  The  plan  of  the  septa 
is,  therefore,  fundamentally  bilateral.  The  radiality  is  subordi- 
nate—  and  this,  it  may  be  said,  can  be  shown  of  every  other  so- 
called  "radiate"  animal.  The  break  or  discontinuity  of  the  septa 
along  the  primary  septum  A  is  called  the  apertural  gap.  The 
one  opposite,  along  By  is  the  ce?itral  gap;  the  other  two  are  the 
lateral  gaps.  The  place  of  the  principal  fovea  in  the  cup  is  at 
A.  Giving  attention  to  each  quadrantal  fascicle  in  succession,  it 
is  easy  to  perceive  the  succession  of  the  septa.  The  older  ones 
are  the  longer,  because  they  have  been  growing  a  longer  period. 
The  shorter  septa  are  the  newer  ones.  The  succession  is  indi- 
cated by  the  numerals  1,  2,  3,  4,  5,  6,  etc.  Had  the  cell  grown 
further,  the  additional  septa  would  have  been  introduced  at 
Oy  Oy  Oy  0.     Since  four  is  the  number  of  primary  septa  in  the 


Pill.  m.-PLAB  orS- 

Ti  a  ZapiinnHi  laa.  ways  exist.     A  very  Clear 

'     '   '  '^"'-    ^"^  ^*""''  illustration  of  it  is  frivan 

Fiu.  iSS.—Cap  oT Mfi'o-      fOBi>,litii.  (FromlTBt-  ,  ° 
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In  some  of  the  western  states,  and  even  western  New  York 
and  Ontario,  wo  can  hardly  make  a  collection  from  the  Drift  with- 
out finding  included  some  corals  of  the  species  represented  in 
Figs.  130,  131.  Here  we  have  a  widely  open  cup,  showing  septa 
almost  strictly  radiate,  but  with  the  alternate  septa  shorter  than 
the  others.  It  was  probably  this  beautifully  rayed  appearance 
which  sugfrcsted  to  Milne-Edwards  the  name  Meliophyllum. 
The  transverse  section,  Fig.  133,  shows  a  vesicular  tissue  in  the 
peripheral  region,  and  this  is  nearly  all  the  evidence  of  the  pres- 
ence of  a  tabular  system.     Both  figures,  however,  reveal  certain 


pAli/ium  Balti. 


appendages  to  the  septa  which  are  conceived  to  be  characteristic 
of  this  genus,  though,  in  fact,  we  find  them  in  several  other 
genera.  A  longitudinal  section.  Fig.  133,  shows  them  to  be 
sharply  raised,  opposite  pairs  of  carVnee,  or  ridges,  running  along 
the  lateral  surfaces  of  the  septa,  and  curving  in  such  a  way  as  to 
outcrop  in  the  cup.  The  carinte  are  seen  in  Fig.  133,  in  places 
C,  C,  where  the  thin  section  cuts  obliquely  across  a  septum. 

An  equally  common  form  of  cup  coral  is  the  CystiphyUum 
Americanum.  Fig.  134.  The  cup  presents  a  surface  covered 
with  blister-like  elevations;  and  sections  in  Figs.  135,  136  and 


-rri) 


up  I  by  a  coarse  vesicular 
abuht'.  Wc  may  suppose 
mutual  interseotioiiB  of 
se  structures  have  re- 
ted  in  such  mutual  dis- 
c-cment  anil  distortion 
at  the  typically  wedge- 
m  compartments  have  be- 

All  the  cup  corals  thus 

examined    are    simple. 

at  is,  each  specimen  is  the 

rk  of  a  sinjrle  individual 

!/p.     But  many  cup  corals 

coiupounil,  and    we  find 

m     so      in      the      Drift. 

T  rougliout  the  Northwest, 

of  the  very  commonest 

I  most  beautiful  of  these 

Aciri-uhn-ia      Davidsoni 

(Fg.  1:{S;  139)"."    Visitors  to 

P      skcy    on    Little   Traverse 

y    are    made    very    familiar 

this    coral    through   the 

led   specimens  which  are 

ff    ed    for   sale.       But   it   is 

d    thfire    imbedded   in  its 

ral  formation.     Acervuia- 

forms     aggregations     In 

gant  spheroidal    and    oake- 

k     masses.     Each  mass  is  a 

g      ])     of     small,    generally 

ded,  and  polygonal  cells, 

of  which    is    a    real  oup 

Tticy    are   mostly  six- 

s  a  tube  stands  sufficiently 
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isolated  to  retain  its  fundamental  cylindrical  form      The  com 

mon    wall    between    contiguous  cells    is    delicately   wavy      The 

centre  of  each  cup  is  abruptly  sunken      The  septa  of  first  order 

reach  the  centre, 

those  of  the  sec 

ond   order   reach 

only  to  the   oen 

tral  pit      Indica 

tions    of    carmie 

are  seen    on  the 

septa  in  the  pe 

ripheral     region 

In  the  croossec 

tion,  Fig  139,  the 

characters  of  the  ^' 

limiting  wall  and 

the  septa  are  still 

more  clearly  shown.     It  appears  from  this 

exolusively  characteristic  of  Heltophyllui 

a  different  group  of  characters  from  the 

group  which  constitutes  a  Oyathophyl 

In  Fig.  140  we   have  another  < 
pound  cup  coral.     Each  cell  or  tube  is  1 
by    itself    nearly    a     CyatkophyUu} 
That  is,  it  shows,  in  longitudinal  sec 
tion,  some  very  distinct  though  irregu 
lar  tabulae  in  the  central  portion,  and 
an   elegant  vesicular  tissue  in   the  pe 
ripheral   portion.     But  the  tabulie  rise 
in  a  conical  elevation  in  the  centre  of 
the  cup,  constituting  the  distinct  genus    - 
Lithostrotion. 

Still  another  elegant  compound  cup 
coral  appears  in  Figs.  141,  143  and  143.     The  genus  I>tp/iyp/i yl- 
tum  is  characterized  by  the  presence  of  an  inner  wall,  wbicH  is 
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v-ry  ilistiiii'tly  shuwii.  In  addition,  notice  the  dclicute 
ishiiit  laliiilii'  iLtToss  the  siiiull  inner  tube,  and  the  fine  vcsi- 
tis-iLc  l.i-iiviv-n  it  fini!  iJif  iinti'r  wall.  The  septa  are  alter- 
w,  the  tormer  roa<]iing  ihi" 


<  T  Ml  USE  Fio. !«.— Z,l/ft0*(rMlon  Omadmie. 
Wfl      L     <i  MiiniuAK.    (FruDi  Sitaru.) 

uraU  a  er  fascinating;  but  we  have 
f  r  e  gl  for  an  elementary  course. 
Si!  dll  rc&u    i.  the  subject. 


n  ijc-'.l    Hahiltdk  Ghdcf.    (Fnin 

r    u  l!tft]oii.   HbuH'Ing   Double   Wall, 

a  Fu    a.    143  Lon  Kiidhuil  Scclion.    Shiiving  Double 

nl  n        rt      fP  u  TImup. 
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From  the  aetaiis  enumerated,  let  us  now  gather  together 
definitions  of  the  different  genera  illustrated: 

Amplexus.  Simple,  subcylindrical,  narrowed  toward  the 
lower  extremity,  covered  with  epitheca.  Septa  slender,  very  nar- 
row, equal,  the  chief  septum  in  a  fovea.  Tabulas  horizontal, 
strong,  mostly  complete,  closing  the  bottom  of  the  cup. 

Zaphrentis.  Simple,  horn-shaped  or  top-shaped,  with  epi- 
theca. Cup  deep,  with  a  distinct  fovea.  Septa  well  developed, 
reaching  the  centre,  more  or  less  distinctly  pinnate.  Tabulae  also 
well  developed,  and  reaching  to  the  wall.  In  the  peripheral  region 
sometimes  a  little  coarse  vesicular  tissue. 

Streptelasma.  Simple,  conical,  often  curved,  with  epitheca. 
Septa  radiate  in  the  cup,  unequally  broad;  the  broader  set  some- 
what twisted  together  in  the  centre,  and  forming,  with  the  modi- 
fied tabulse,  a  vesicular  eminence.  Chief  septum  and  lateral 
septa  distinctly  shown  externally,  as  also  the  pinnately  arranged 
later  septa.     Tabulae  completely  developed. 

Cyathophyllum.  Simple  or  compound,  with  epitheca,  Tal)- 
ulae  in  the  middle  of  the  visceral  cavity,  cellular  tissue  in  the 
peripheral  part.  Septa  numerous,  regularly  radiate,  reaching  the 
centre,  and  sometimes  twisted  there  into  a  feeble  elevation. 

LiTHOSTROTioN.  A  compound  C yathophylliun,  having  the 
central  vesicular  tissue  condensed  into  a  column  which  rises  in 
the  deep  cup  as  a  solid  striated  cone.  Tubes  striated  externally, 
sometimes  isolated  and  cylindrical. 

Heliophyllum.  Simple,  top -shaped,  seldom  compound. 
Septa  numerous,  perfectly  developed,  their  sides  decorated  with 
carinae,  or  raised  lines  running  downward  and  inward,  and  arranged 
in  pairs  on  opposite  sides.  Irregular  tabulae  in  the  central  part, 
cellular  tissue  in  the  peripheral.     A  Cyathophyllum,  with  carina?. 

Cystiphyllum.  Simple  or  compound,  with  epitheca.  Ex- 
terior deeply  wrinkled,  and  the  form  often  elongate,  geniculate, 
or  irregular.  Septa  and  tabulae  extremely  modified,  their  normal 
forms  sometimes  not  appearing,  a  cellular  tissue  filling  the  whole 
visceral  cavity,  the  cells  mostly  somewhat  crescentic  in  form,  and 
generally  arranged  in  distinguishable  la3^ers  from  below  upward* 
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A(  KKVi  LAiiiA.  Compound,  steins  sub-parallel,  approximated, 
oltcn  crowded  and  hexagonal.  Cup  with  an  abrupt  pit  in  the 
centre.  Septa  well  developed,  extending  alternately  to  the  centre 
and  to  the  j)it.  The  central  part  of  the  visceral  cavity  with  vari- 
ously shaped  tahuhp,  the  peripheral  with  cellular  tissue. 

Dipiivi'iiYLM  M.  Compound,  consisting  of  generally  slen- 
der, cylindrical,  epitheca-covered  cells,  furnished  with  an  interior 
wall  distant  from  the  outer  wall.  Septa  numerous,  reaching  the 
inner  wall.  In  th(^  interior,  a  series  of  tabuhe;  in  the  peripheral 
part,  (M'llular  tissue. 

EXERCISES. 

Alako  some  polished  sections  of  cup  corals.  In  what  respect  are  Strep- 
ttlnsind  nwd  Z(t/f/iirn/is  alike?  In  what  resj)eet  unlike?  How  does  Zaph- 
rt'iitls  (lilTcr  from  ('ijathophyUum?  How  does  Ueliophyllum  differ  from  Cy- 
(ifhojiliillhim ?  Copy  Fi^^  127  on  a  piece  of  paper,  then  cut  out  the  four 
(juadiMntal  fascielcs,  leaving  them  coiniectcd  at  the  centre,  and  fold  them 
to^M'tlicr  like  a  half  l>all-cov(T;  do  you  find  an  appearance  like  Fig.  124? 
Copy  Ki:;.  U^2.  Copy  Fig.  1:30.  How  does -rlc^rrM/rtn'rt  differ  from  Diphy- 
/iht///ii//i  /  Have  you  been  uhlo  to  identify  any  cup  coral  found  by  yourself? 
Have  \ou  ever  collected  fossils  except  from  the  Drift?  Do  you  know  any 
locality  at  which  fos>ds  may  he  obtained  from  the  rocks?  Have  you  ever 
St  (11  Art  ri-ii/<fn'a  at  IVtoskey?  Have  you  polished  any  coral  sections  with 
your  own  haudsr  If  so,  let  us  see  tliem.  To  what  genera  do  they  belong? 
>bil;e  (IrawiiiLT^  of  some  of  your  iMjiished  sections  of  cup  corals.  Select  one 
or  iwo  of  your  luost  perlect  specimens  of  cup  corals  and  draw  them. 


STri)\'  XXXI 1. — Kr.ainhiatlon  of  Sorne  Tabulate  CoraUt. 

Our  collection  of  Drift  corals  was  divided,  in  a  former  study, 
intn  two  lots.  The  cup  corals,  or  Ii((f/osa,  we  have  now  learned 
bow  t(j  study.  The  other  lot,  or  those  commonly  called  "petri- 
tiod  boncycoml),"  we  must  next  take  up  and  examine.  These  are 
(juite  as  coinmon  as  the  ru<»-ose  corals;  and  it  may  as  well  be 
stated  at  once  that  the  proper  designation  of  the  group  is  Tabu- 
la ia,  or  11  EX  A  COR  A  LLA.  Froui  aluiost  any  neighborhood  within 
the    ina  before  defined  we  may  pick  up  specimens  either  identi- 
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<al  with  those  delineated  here,  in  Figs.  144-148,  or  at  least  gen- 
erio&Ily  identical  with  them. 

Beginning  with  the  one  represented  by  Fig.  144,  we  see  a 
large  number  of  tube  ends  closely  crowded  together,  and  pressed 
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into  liexagonal  forms.     So  far  as  vvp  can  set 

any  two   walls  in  contact  are  blended   into 

single  common  wall;  but  we  shall  have  t 

examine    more    closely    in    a    tliiri    scctinr 

Some  of  tlia  cells  show  strong  tabulfe  crossing  from  side 

In  some  the  tabula;  near  the  aperture  have  been  removed,  and  ii 

others  no  tabulm  are  in  sight.     But  do  we  discover  any  septa ' 

There  are  none  well  characterized;  but  we  plainly  see  a  nuuihe 
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(Ii-[>rt'!>iii<>iis  or  indentations  around  the  border  of 
Close  inspection  slion-3  that  these  alternate  with 
small  projections  from  the  inner  walls 
of  the  cells,  and  these  projections  ex- 
tend, as  raised  bands  or  ridges,  length- 
wise of  the  cells.  Fig.  140  is  a  view 
of  aiiolhcr  specimen,  showing  this 
character.  The  raised  bands  or  lines 
are  twelve  in  number,  and  are  sepa- 
rated bv  twelve  longitudinal  furrows. 
These  raised  bands  appear  like  the 
stumps  of  septa,  and  the  constancy  of 
FAirms.  [in^ij.  iimiiijer  confirms  tliis  interpre- 
:    TiiEMK     tattiui. 

(Knini  j(  ,4.(,  ^y^„  Qy^  attention  to  the  speoi- 
meii  shown  in  Fig.  145  —  Fhvositea 
crlu'll  (rtfterward  described  by  Rominger  as  F. 
—  we  perceive  that  it  is  part  of  an  elongated, 
'.■a\,  (IV  tuberose  mass,  composed  of  small  tubes, 
111  ;i  (iottimon  central  axis,  at  a  small  angle, 
iniiiiiff  a  certain  distance,  curve  toward  the  Bur- 
lass,  imd  present  tiiore  their  terminations  or 
tidies, throughout  their  whole  length, are  crossed 
isviTsc  phitcs,  which  can  he  nothing  but  tabula-. 
'  ot  the  same  nature  as  those  seen  in  the  mouths 
■  l''i<r.  144.  Some  of  these  tabul.'c  extend  quite 
!!■  of  tln'm  join  the  neighboring  ones  above  or 
■!■  iiie  liirfmijiUte  ;  and  some,aftor  touching  their 
iiiiii'  .srpiiralelv.  The  tabuliC  toward  the  outer 
Ill's  become  quite  crowded.  We  notice,  also,  a 
ehiiig  among  those  tubes.  Many  tubes  do  not 
ci'utrc,  but  start  from  a  point  in  the  wall  between 
iig  the  wall  an  appearance  as  if  split,  and  thus 
the  wall  is  really  double.  It  ought  to  be  double, 
10  union  of  the  two  walls  of  the  two  contiguous 
lie  of  introduction  of  new  cells  is  called  laterai 
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STRij!.(biit  hndly). 


ffgmmatioti,  or  budding  from  the  side.  We  cannot  see  here  th* 
longitudinal  bands  and  furrows  which  represent  septa.  Fig.  150, 
however,  is  a  thin  section  of  a  small  globu- 
lar mass  of  this  species.  As  the  tubules  radi- 
ate from  8  centre,  the  section,  in  passing  near 
the  centre,  is  transverse  to  the  central  tubules, 
and  longitudinal  to  those  near  the  exterior. 
Now,  besides  the  conspicuous  tabula;,  we  can 
see  here  the  longitudinal  raised  lines  shown  in 
section,  and  projecting  like  spines  in  the  central 
tubules;  and  we  see,  also,  a  few  pores,  and  a 
light  line  along  the  middle  of  the  common  wall 
in  the  longitudinal  sections,  proving  plainly 
their  double  character.     [Pores  not  engraved.] 

Now,  if  we  take  the  specimen  represented 
by  Fig.  146,  we  notice,  also,  a  series  of  slightly 
divergent  tubes,  but  with  only  occasional  tab-  Latekai.  Buddino. 
ulse.  As  in  some  places  they  stand  close  together,  it  is  proba- 
ble that  most  of  the  tabulie  once  present  have  been  removed. 
We  see  nothing  different  in  the  nature  of  the  walls,  and 
notice  also  the  evidences  of  lateral  gemmation.  But  there  is 
one  striking  character  not  before  clearly  seen.  The  vertical  walls 
are  perforated  with  numerous  pores  —  also  sparingly  detected  in 
Fig.  150.  These  are  arranged  mostly  in  two  longitudinal  series 
on  each  side,  but  the  number  of  series  depends  on  the  width  of 
the  side.  These  pores  eslablish  complete 
communication  between  contiguous  cells,  aa 
is  shown  in  places  where  the  light  passes 
through. 

Fig.  147  illustrates  a  more  delicate  struc- 
ture, globoid  in  form,  with  small  cells  radi- 
ating from  a  centre.  But  a  thin  section,  fio. 
Fig.  151,  shows  tabulfe  and  pores  quite  like 
those  in  the  other  specimens.  The  apertures 
of  some  of  the  cells  incline  to  be  round.  There  is  a  type  of 
this  group  having  quite   circular   cell   sections,  and  it  is  very 


■in 
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abundant    througliout    tlie    Norlliwest.      A   group    of   the   cell 
I  Fig.  X52,     Here  are  two  sorts  of  mouths. 
First,  larger,  circular  mouths,  about  one 
iiiillimeter    wide,    and    quite    separate 
from    each    other;    second,   small    sub- 
angular  mouths,  about  one-third  the  size 
of  the  others,  standing  close  together, 
and  forming  a  mass  in  which  the  larger 
cells  are  imbedded.     If  we  make  a  ver- 
tical section,  we  shall  see  that  both  the 
large  and  small  cells  are  supplied  with 
I  tabula?.     We    shall  also  jwrpeive  com- 
municating  pores.      But    there  are    no 
utt  ('iimi'ifiinii.  iDtigitudiJial  grooves,  and  hence  noindi- 
w  Tiiifi-i:-  ar  i^^^iin,i5  ^,{  septa.     In  spite  of  the  diver- 
gences of  this  type,  we  feel  constrained 
with  Uie  other  specimens  li;iving  numerous  tabulse 
nig  poKs      These  all  belong  to  the  great  and  impor- 
tant genus  known  as  I'^ivusi^  te»  (name  from 
fin  If,  a   hiineycomb,    and    the   conventional 
t(  rnunatiim  ites). 

\  form  alighlly  different  from  any  of  these 

IS  also  f<nind  quite  fretjuently  in  the  Drift  of 

\(«    Vork,  Ontario,  ami   the  Northwest,    as 

al«(i,  of  ciiursf,  in  the  rocks  of  certain  form*- 

tnms      This  is  a  rounded,  depressed,  cake-like 

mass,  compoHfd  of  numerous  flattened  tubes 

in  bating  from  a  basal  point  (not  seen  in  Figs. 

'11     1.1.!,  154),  reaching  the  surface  at  oblique  an- 

gli's,  and  ojiening  in  (■reKoentically  three-angled 

in-r  words,  mouths  like  small  spherical  triangles. 

Ii'l  to  the  tube  lengths  shows  the  tube  walls  lon- 

jvc'd  or  striated,  and  perforated  with  large  porea 

lu'ar  the  two  lateral  edges.     It  shows  also  a  series 

'^rnlar  tabula-,  and  also  some   longitudinal  crests 

iiiluso  pnijeetions,  which  are  the  homologues  of 
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oiUa  aotilf«f,i. 


luter  side, 


septa.     Thia  ia,  therefore,  fundamentally  similar   to  ^avoatlen, 
and  belongs  in  the  same  Family;  but,   in  consequence  of  the 
peculiar  form  of  the  tubes  and  tube  mouths,  and 
the  positions  of  the  pores,    it  is  set   down  as   a 
different  genua.  Alveolites  {alveolus,  a  pit,  and  ites, 
as  before). 

Another  form  of  this  familv  is  Limaria  (per- 
haps from  limarius,   pertaining  to  slime  or  sedi-   , 
ment).      The  surface  of  a  specimen   is  shown  i 
Fig.  155.     It  looks  much    like  a  small-celled  but 
thick-walled  Fhvoaites.     The  apertures  are   com- 
pressed, and  open  obliquely  to  the  surface.     On   the  ' 
the  lip  bears  two  teeth  projecting  into  (he  cavity;  i 
inner  aide  a  single   tooth   projecting 
between  the  two  outer  ones  (Fig.  lo6) 
A  longitudinal  section  shows  that  the 
tubes  are  connected  by  lateral  pores 
and  intersected  by  transverse  tabulae 
The  tabula  arc  mostly  wanting  in  the 
thick- walled    portions    of    the    tubes 
This    you   perceive  only  differs    from  ^    ^  „    ^^ , 

Alveolites  in  less  compressed  tubfs 
thicker  walls,  and  fewer  iongitudmai  crests.  There  i 
genus,  Cladopora  {xkaSu^,  a  branch,  and  -«;»«,  a  pore 
tional  name  for  certain  corals),  which  only 
differs  from  Limaria  in  having  no  tootli-Iike 
projections  in  the  apertures,  and  smooth,  in- 
stead of  crested,  tube  interiors.  Tahulie  exist,  ^"'-  '*''■ 
but  they  are  rarely  seen,  the  tubes  beinff  gen-  """a  *«"  Teeth 
eraliy  open  from  end  to  end.  Even  longitudi-  xi.  ilminsii™- 
nal  furrows,  the  vanishing  indications  of  the  |,™*"^fh7s*.™l' 
septal  system,  are  occasionally  seen,  and  are  to  tiic  nppnBiie  two 
be  regarded  as  potentially  present.  Lateral  "''■'  g»n''''aily  '"- 
pores  in  the  walls  are  also  present.  The 
species  shown  in  Fig.  157  is  branching  and  retieulfitiny.  Other 
species,  like  Cladopora  R<vmeri,  Fig.  158,  are  simply  branched, 


another 


form    flat,  leaf-like    expanaioiia.      It  would    be 
tentl  the  Btudy  of  tliis  group  of  forms,  but  we 
foar   it    would    occupy  an  undue    pro- 
IKirlioii  of  tilt!  student's  time.     The  dis- 
c:haracters  of  this  order  of  fos- 
sils   liave    been    shown,    as    also     the 
tnolhod  of  investigating  them.     It  ap- 
pears that  the  septal  system  is  feebly 
developed,  but  that  the  tabular  system 
is    generally    conspicuous.       For    this 
reason    tliey    were    named    by    Milne- 
Edwards  Tahui.ata,  or  Tabulate  Cor- 
tliHt  the  furrows  and  ridges  which  rep- 
aro  twelve  in  number.     If  we  should 
genera  of  this  group,  we  would  find  some  with 
iplete  septa.     So  the  number  in  alt  cases  is  a 
As  the  number  among  the  Cup  Corals  is  a  mul- 
ihev  have  hence  been  by  Haecke!  styled  Tetea- 
Onler  has  been  by  the  same  designated  Hkxa- 

bring  together  the  characters  of  those  genera 
of  J^avoaiC iti"'  which  have  been  illustrated: 
Kavositks.  Polypary,  compound,  massive 
(globoiii,  tuberose,  pyriform,  or  elongate),  flat- 
teneil,  or  branching,  composed  of  tubes  which 
lire  generally  crowded  and  hexagonal,  but  some- 
((,.  times  cylindrical,  variable  in  diameter  in  the 
*■''  same  species,  and  opening  perpend iou la riy  to 
„■  thi^  surface,  Tjibultc  generally  numerous  and 
'"'  conspicuous,  in  some  species  irregular  or  incom- 
Ej  plele.  Septa  represented  by  twelve  longitude- 
'"  tial  furrows  and  alternating  ridges,  which  are  in 
-  some  species  crowned  with  spinules  in  one  or 
more  series.  Walls  perforated  by  pores  in  one, 
.>  vertical  rows  on  each  side,  but  very  different  in 
fferent  species. 
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Alveolites.  Polypary  massive,  convex,"  or  flattened,  often 
laminar  or  branched.  Constituent  tubules  flattened  and  closely 
appressed,  opening  obliquely  at  the  surface  with  a  triangular  ori- 
fice bounded  by  three  curved  lines.  Septa  represented  by  longi- 
tudinal furrows.  Tabulae  more  remote  and  irregular  than  in 
Favosites.  Pores  very  large  on  the  two  lateral  edges  of  the 
compressed  tubes. 

Limaria.  Small,  branching  stems  or  laminar  expansions, 
composed  of  thick-walled,  conico-cylindrical  tubules,  with  com- 
pressed orifices  opening  obliquely  to  the  surface,  having  a  lip 
bearing  two  tooth-like  projections  on  one  side  and  one  on  the 
opposite.  Septa  feebly  represented  by  three  longitudinal  crests 
on  the  walls.  Tabulae  restricted  to  thinner  portions  of  the  tubules. 
Connecting  pores  present. 

Cladopora.  Ramose,  often  reticulating  stems  or  laminar 
expansions  —  often  these  different  forms  in  the  same  individual. 
Composed  of  thick-walled,  conical  tubules,  opening  obliquely  to 
the  surface,  and  having  dilated  orifices.  Tubules  laterally  con- 
nected by  pores.  Tabulae  very  rarely  seen.  Longitudinal  fur- 
rows mostly  obsolete,  but  occasionally  discernible. 

EXERCISES. 

Point  out  several  Tabulate  Corals.  Are  they  simple  or  compound?  Are 
they  calcareous  or  silicified?  Were  they  obtained  from  the  Drift  or  from 
strata  in  place?  Are  they  nearly  perfect?  Indicate  places  where  defects 
exist.  Are  they  worn  like  Drift  pebbles?  Point  out  some  fracture  which 
passes  between  two  tubules,  if  you  can.  Point  out  some  fracture  which 
passes  through  a  tubule.  Does  this  reveal  the  interior  of  tlie  tubule?  What 
structures  are  there  revealed?  Point  out  tabula\  if  present.  Point  out 
longitudinal  furrows  on  the  walls.  What  do  these  represent?  Point  out 
pores,  if  present.  Are  they  scattered  or  numerous?  In  how  many  rows  do 
they  exist  on  each  side?  To  what  genus  does  this  specimen  belong?  Do  the 
mouths  ojMjn  vertically  or  obliquely?  What  is  the  form  of  the  tube  section? 
Make  a  drawing  of  a  small  portion  of  the  specimen.  Make  an  enlarged 
drawing  of  two  or  three  tubules,  with  all  the  details.  Pick  out  a  Favosites 
with  cylindrical  tubules.  What  was 'the  form  of  the  si)ccimen  when  entire? 
Explain  how  it  differs  from  the  last  si)ecimen.  IIow  can  you  most  easily 
detect  Alveolites  from  external  characters?    Which  two  of  the  four  genera 
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e  Brnchiopoih. 


'■nd 


fossils  w)ii<:h  any  porson  may  collect  from 
)portioii  appear  to  be  bivalve  shells — that  is, 
two  pieci'S  intended  to  open  and  close  by  a 
itssol.  Among  bivalves,  it  is  extremely  easy 
distiiK'tioii  based  on  the  external  form  of  the  shell. 
L  distinction  of  very  fundamental  value,  since  it  sep- 
Chixsci  of  .Molluscs. 

ill    with,   we  will  take  the  shell  of   a  common  river 
mussel.     Fig.     159, 
the  hinge   side  up. 
The  most  prominent 
part,  a,  ia  called  the 
betik.    Now,  any  ob- 
serving boy  has  seen 
the  river  mussel  in 
the  act  of    locomo- 
tion.   It  raises  itself 
on  edge,  somewhat 
inclined,     however; 
separates     its     two 
calves  slightly,  pro- 
trudes a  soft  organ 
called  the  foot,  and 
glides  over  the  mud- 
[  tlic  pond  or  stream,  leaving  a  track  like  the  mark 
If  o\ir  shell,  figurod  above,  were  in  motion,  it  would 
right   to  left.     It  appear.s,  therefore,  that   C  is  the 
7>  is  the  poKferitir.     It  appears  that  the  beak  is 
turned  in  that  direction.     This 
figured  is,  therefore,  tlie  left  voJoe.     Next,  let  us 
I  around,  so  as  to  look  at  it  hingewise.     You  notice 
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that  the  two  valves  are  equally  convex.  This  is  what  would  be 
expected.  One  is  a  right  valve  and  the  other  a  left;  and  the  law 
of  bilateral,  or  two-sided  symmetry,  which  runs  through  the 
animal  kingdom,  and  applies,  as  we  have  seen,  to  aoimajs  called 
"radiated,"  requires  that  each  shall  be  correspondingly  devel- 
oped. Let  us  call  this  bivalvular  Bymmetry.  Shells  with  this 
aymmetry  are  Lamel'librancus  (Lamella,  and  branc/iicB,  gills, 
referring  to  the  flat  form  of  the  gills. 


Now  take  one  of  the 
There  is  none  more  con 
which  is  here  figured,  i 
cronata  {spira,  a  spire,  fero,  to 
bear,  and  mucronattts,  pointed, 
the  latter  referring  to  its  extrem- 
ities). Notice  that  the  beak  is 
exactly  in  the  middle  of  the  shell 
between  its  extremities,  and  that 
the  outline  is  symmetrical  around 
the  valve  each  way  from  the 
back.  It  must  be,  then,  thai  one  side  of  the  beak  is  the  right 
side,  and  the  other  the  left;  and  if  so,  the  two  valves  are  dorsal 
and  ventral,  instead  of  right  and  left.  Let  ns  view  a  shell  from 
the  end,  Fig,  162.  Here  we  immediatelv  perceive  that  the  two 
valves  are  not  equally  convex,  and  have  not  equally  devel- 
oped beaks.  They  are  not  mutually  symmetrical.  Hence  they 
are  not  right  and  left  valves;  and  we  conclude  as  before,  that 
one  is  dorsal  and  the  other  ventral.  The  law  of  bilateral  sym- 
metry   works,    therefore,    separately    in    each    valve,  and    pro- 


!  bivalves  picked  up  from  the  Drift. 
1  throughout  the  Northwest  than  this 
which  bears  the  name  Spirifera  nm- 


10  night  b 
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[  itnirdtt'iil'ir  Ki/mmetrt/.  Shells  with 
arc  BitAi;iiiOi'nr)s  {i3pa^iiov,  arm,  and  ):«5c,  k'hIh;, 
fo(tt).  The  valve  which  we  will  call  ventral 
iilways  has  the  most  prominent  beak;  and  it  is 

iilmost  alwavs  most  convex  or  swollen,     Gener- 


.  it  'ha: 


I  do, 


long  the 
II  elevation  ot  Jbld 


inid.llo  or  t 


^^'^ 


.site  tlu, 


nds  to  a 

It  is  not  easy   to    deferniine    which    valve  is 
rrally  ventral  or  which  dorsal.     Some  of  the  Ger- 
man palii'ontologists  say  tl)c  smaller  valve  is  ven- 
'     li-iil;  while  the  English  say  it  is  the  larger.      The 
only  means  of  deciding  is  an  examination  of  liv- 
\     ing  spociniens  belonging  to  this  class.      But  this 
I'XiLiiiinution  is  not  decisive;   nor  does  it  indicate 
clearly  which  slionld    be  regarded   the  anterior 
I'll  the  jioHtirior.     In  this  state  of  the  case,  the  side 
hinge  is  commonly  regarded  anterior,  though  the 
ictiiidlj'  far  buck,  near  the  beak.     In  this  view,  the 
■  the  shell  will  he  on  the  right  when  the  shell  lies 
I'ld   valve,  with   the    hinge    side    next  the  observer. 
1  Fig.  Ifil,  where  the  dorsal  side  is  down. 
's  enable  us  to  draw  important  inferences  from 
if    bivalves.     Suppose  the  line  of   break  of   a. 
valve  is  along  u  b.  Fig.  163.     Then, 
the  beak  and  hinge  line  being  present, 
it  appears  that   the    beak   is  central, 
and  the  valve  belonged  to  a  Brachi- 
ojiod.    If  only  a  part  of  the  hinge  line 
is  preserved,  that  may  show  symme- 
ri...  iiii.— i)i;tiii3  RiFfti.ATA.       iHcal    outlines    each     side,    and    thus 
\KNtj;AL  fiiij;,  demonstrate  the  same   thing.     If  the 

lircak  is  idling  the  line  c  d,  and  wc  have  only  the  small  fragment 
below  that  lino,  the  symmetry  in  both  directions  shows  that  the 
break  wati  opposite  the  middle,  and  the  shell  was  a  Brachiopod. 
If  (he  break  is  along  the  line  e  f,  and  we  have  only  the  small 


iiihcated  ii 
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piece  oil  the  right,  if  a  fragment  of  both  valves  is  present,  their 
unequal  convexity  shows  the  shell  a  Bracliiopod.  If  we  have 
barely  tlie  two  beaks  broken  off  at  ff  h,  their  unequal  prominence 
declares  a  Bracliiopod. 

./  Now  let  a  Lamellibranch  be  broken  in  the  same  various  ways, 
and  the  style  of  tbo  symmetry,  or  the  lack  of  symmetry,  will 
show  each  fragment  to  belong  to  a  Lamellibranch.  The  student 
should  practise  much  on  these  tests. 

Let  us  give  further  attention  to  these  Brachiopods.  By  col- 
lecting industriously,  we  find  many  witli  the  two  valves  separated. 
The  ventral  valve  la  known  by  its 
sinus;  and  this  valve,  you  will  notice, 
bears  a  couple  of  small  processes,  or 
projections,  (,  I,  Fig.  164,  which  are 
called  leelh,  one  on  each  side  of  the 
middle,  on  the  hinge  plate.  These 
are  part  of  the  hinge  structure,  and 
fit  into  two  Bocfeets,  s,  s,  Figs.  165, 
166,   in    the  dorsal    valve,    which    is      thot«c,te«h;  6,.hebMk;c.c,  ihe 

known      by     the     fold.  1  bis    hinge       (eieely  BtrUted  nrea;  /,  ihe  Irion- 

structure  is  possessed  by  all  Brachio-      enisf  fiaepre,  shoiving  iedg«  for 

.   .     {^  ■'  ,  H<:cpIto.ofdellidiiim;  o.occUiBOr 

pods  which  have  a  strong  calcareous      mosculBrscare-dhemeclianelniiB. 
shell.      Between  the  sockets  of  the 
dorsal  valve  is  the  cardinal  process.     This  is  a  projection  to 


IT  Splri/tra  mucronata.  1,1 


which  is  attached  the  muscle  which  opens  the  two  valves.     In 
Bome  other  genera  this  is  much  more  developed.     It  is  generally 


Orthis,    as    shown  in    Fig.    166.      I 

shown  in  Fig.  167,  Strophome'na 
inmqnimdi'U'f,  the  cardinal  process 
is  divided,  and  very  strong.  One 
extreinitj'  of  the  div&ricator,  or 
opening,  muscle  in  atliLclied  to  this 
process,  and  the  other  to  the  in- 
terior of  the  ventral  valve.  Then, 
contraction  of  the  muscle,  acting  on 
the  cardinal  process,  as  on  the  end  of 
a  lever,  lifts  the  dorsal  valve.  At  the 
place  of  attachment  of  the  divarica- 
tor  muscle  is  a  depression,  or  sear, 
on  the  interior  of  the  ventral  valve, 
are  two  muscles  and  two  divancalor 
The  valves  are  closed  by  two  pairs  of  occlaeor  muscles, 
„  ,  b     ,    .  which  pass  directly  across  from  valve 

1  valve,  and  leave  occlusor  scars  on 
ie    interior   of   each   valve.     These 
shown  at  o,  Figa.  167  and 


The  hinge  mechanism  is  mora 
clearly  shown  in  Fig.  169,  which  rep- 
resents a  section  through  both  valves 
of  a  Strophome'na,  from  hinge  to 
front  margin.  The  slruotures  are 
indicated  in  the  ex])]anntion.  It  is  - 
evident  that  by  the  contraction  of 
the  divaricator  mitscle  D,  the  extrem- 


I  at  d,  Fig.  168. 


r  slrophomfiia  Inaquira- 

out  umrK<n ;  c  e.  Hie  ratdlnnl  m 
cs ;  Ihe  eJjje  of  the  urea  from  c  i 
In  the  blnEC  liaa;  a.  tbi  hm:  .. 

eak,  wiih  a  nurrow  dBlUdlura   ity  of  the  process  P,  must  bo  drawn 


uociiii'or":  i.  ibe  vaMaiBr  imprcB-   dorsal  valve  must  turn  on  the  hinge 
BiuDs;  r,  tiic  teetb.  ^[  g^  jjg  ^  j^q,.  turns  on  its  hinge*. 

liy  this  movement  the  valves  were  separated  at  the  front  mar- 
gin, M.     By  the  contraction  of  the  occlusor,  0,  the  valves  were  , 
drawn  together. 
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Fio.  169.— Diagram  of  the  IIixoe  Mechanism 
OF  a  Bracbiopod.  Section  THRouon  Both 
Valves  from  Beak  to  Front,  the  Upper 
Valve  the  Dorsal,  i/,  the  front  margki ;  A, 
area  of  ventral  valve ;  5,  socket  in  dorsal  valve 
for  reception  of  tooth  of  ventral  valve ;  /*,  di- 
varicator,  or  cardinal,  process  (or  lever);  /), 
divaricator  muscle;  0,  occlusor,  or  adductor. 
(After  Billings.) 


Referring  again  to  the  ventral  or  toothed  valve  of  Spirifera 
mucronatay  Fig.  164,  we  no- 
tice, further,  the    flat    elon- 
gate-triangular space  a,  un- 
der the  beak  b,  and  extend- 
ing the  whole  length  of  the 
hinge  line.    This  is  the  area; 
and  most  Brachiopods   pos- 
sess  it  only  in   the  ventral 
valve,  though  some  are  des- 
titute of  it,  and  some  have 
an  area  in  each  valve.     No- 
tice the  notch  or  fissure  in 
the    margin    of    the    area. 
There  is  a  delicate  ledge  on  the  two  sides,  on  which,  in  the  per- 
fect state,  rests  a  cover,  like  a  stove  lid,  called  deitiditan,  in  allu- 
sion to  its  deltoid  shape.     It  consists  of  two 
pieces,  a  right  and  left.     Sometimes  the  ros- 
tral portion  (nearest  the  beak)  of  the  fissure, 
or  even  the  whole  of  it,  becomes  covered  by 
an  arched  pseudodeltidium  fixed  in  position. 
This   is   shown  in    Cyrti'na  Hamiltonensis, 
Fig.  170.    But  here  the  hinge  portion  of  the 
fissure  is  covered. 

Besides  the  muscular  scars  which  may  be 
seen  in  the  interior  of  all  Brachiopods,  there 
are  always  vascular  impressiojis  correspond- 
ing to  the  positions  of  the  vessels  and  struc- 
tures of  the  internal  parts.  These  are  shown 
in  Figs.  167  and  168.  In  Fig.  171  we  have 
the  interior  of  a  ventral  valve,  showing  va- 
rious structures,  and  the  student  may  exer- 
cise himself  in  pointing  out  and  naming 
them. 

Referring  once  more  to  the  dorsal  valve  of 
Spirifera  mucronata,  Fig.   165,  we   see   two  projections,  by  b, 


Fig.  110.  — Cyrtina 
Hamiltonensis.  Dor- 
sal Side  of  a  Large 
Specimen.  6,  the  very 
prominent  ventral 
beak ;  a,  the  area ;  ps^ 
pscudodelt  idium, 
broken  away  near  the 
beak ;  /,  fold  of  dor- 
sal valve,  on  each  side 
of  which  are  the  ra- 
dial  plications^  or 
ribs;  and  these  are 
crossed,  especially 
near  the  margin,  by 
concentric  lines  of 
growth. 


—OrtkU  labgvad- 
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called  brachial  proceaam,  the  hms  of  wbiob  wo  nn 
into.  In  getting  together  «  oonsidenble  namber  of  ipeoi- 
mens  irith  the  two  valves  in  plaoe,  it  Bometimes  hAppent  that  one 
of  the  valves  is  broken  away,  or  weathered  away,  so  aa  to  rereal 
some  iotenial  hard 
I  Btmotnraflw  It  ii 
not  a  very  extract 
dinary  thing  to  find 
a  apeoiinen  azpoa- 
ing  an  internal 
Fio.  v^—3plr\ftr«  wataniim-  ^iie,  aa  •ho* 
.  wi™  Do«i*L  Vait.  pj  j™  ^ 
ODD   AvAT  n  broa  °  ^ 

TBiL  Valvk.  SHOTiHa         >>■  Srotu.   (PramSatan.)    n        ao    01 

SIOKH.      IllNQE      TlBTB,  [Mitl  IDI7  llMt  b*  MMI ;  bU  "* 

ANi>  V*ecuLAB  Mark-         tba  tplna  canirat  b*  truwl  II 1  re  boi 

m«f.,    (M«k.)  completoly  to  the  BiwAU   qm,      Ut    dIc       ' 

sway; 
student  can  do  for  himself  by  using  a  knife  poiatf or  <  afa 

implement.    These  spires  cannot  be  traced  ooi  yt0  4 

tiou  with  the  brachial  prooeeaes,  but  tbey  oan  be  ae       i 
ing  them.     These  processes,  shown  at  b.  Fig.  166,  i    <  evi 
the  real  points  of  attaobtnent  of  the  spirea  to  t  ^ 

spires   are    arm  aujaporU  for  ' 
fleshy,  fringed  mrma  whiofa  ei 
living  state,  and  they  an,  b< 
times  Styled  the  armaitm.   T     1 
are  generally  oonneoted  toget     r  by  a 
(Fig.  173).     This,  in  some  gee 
"^a.'sow.^M'^v'mK-     pl«,  «nd  nearly  direct,  as  here  she 
TBAi    Valfi    bbokiii     [n  otheT  genera  beoomea  remaika     f 

Two    Spires   am,    th>       *«a-    , 

SUIP1.E  coNNROTiaa  It  is  natural  to  wonder  how  the 

Bahd-  {Woodw«rd.)  oanknowthataapireex     iw  i 

once  there  are  many  !    i    li     i 
have  no  calcareous  spirea — aome  eren  wl        t  i 

ternal  form  the  most  common  of  thoae  which  have 
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instanoe,  a  striking  general  resemblance  exists  between  Orthia 
hif'ora'ta^  Fig.  163,  and  Spirif  era  mucronata,  Fig.  161.  The 
former^  on  account  of  its  form,  was  long  called  Spirifera  hi- 
foratay  until  it  was  proved  to  have  no  spires,  but  on  the  contrary, 
to  possess  the  peculiar  muscular  scars  which  characterize  Orthis, 
Now,  we  need  not  wait  to  discover  specimens  naturally 
broken  or  worn  so  as  to  reveal  the  interior.  Sometimes  with 
a  pointed  tool  we  may  pick  away  the  shell  sufficiently  to  re- 
veal the  existence  or  non-existence  of  a  spire.  In  any  case,  we 
can  grind  down  one  of  the  valves  by  the  means  explained  in  Study 
XXX.  When  we  reach  the  region  of  the  spires,  each  turn  will 
be  ground  off,  and  they  will  be  shown  on  the  ground  surface  by 
clear  points  symmetrically  arranged  as 
illustrated  in  Fig.  174,  where  the  places 
of  the  cut  spire  turns  are  seen  at  8,  s. 
It  is  evident  that  by  continuing  to  grind, 
every  structure  in  the  shell  will  be  suc- 
cessively intersected.  If,  therefore,  we 
make  frequent  examinations  as  we  pro-      ^^o.m.-Spinferamucronata. 

^  .  .    *^  Ground  Down  from   Both 

ceed,  and  mark  down  in  a  succession  of        sides.   «, «,  sections  of  the 

drawings,  the  positions  of  the  sections        ^P^""*^  "  "'**°^^«-   (^""^"^   ^^*»- 

of  each  structure,  we  shall  have,  in  the 

end,  the  means  of  producing  a  connected  delineation  of  the  whole 

interior. 

The  complicated  armature  of  the  little  Brachiopod  known  as 
Centronella  Julia^  Fig.  187,  188,  189,  was  worked  out  by  break- 
ing in  the  pincers  a  large  number  of  specimens,  in  various  longi- 
tudinal and  transverse  positions,  and  marking  down  each  time 
the  places  of  the  various  structures  broken  through. 

In  other  cases,  where  the  substance  of  the  shell  and  its  filling 
is  somewhat  crystalline  and  translucent,  we  may  grind  off  all 
parts  of  the  exterior  until  the  light  shines  through.  Then,  hold- 
ing the  specimen  between  the  eye  and  a  window,  the  internal 
structures  are  revealed.  It  was  by  such  means  that  the  internal 
spires  were  discovered  in  the  little  shell  known  as  Zygospira 
modesta,  Fig.  178. 


334  HKOLuuiUAL  stVbim.  ^^^H 

BXKRTISRS.  ^^1 

Tiika  a  Latnellibmnch  slid]  and  poiuL  itul  HntvHor  end.  Tlii>  right  ra(f«. 
Take  u  Broohiopoi]  anil  indkntn  the  ventral  vnlvc.  Wliftt  are  tbo  extrrnAl 
indi(Mition3  of  ths  vt-iitwl  »alv?r  WhiW,  Ilie  cxtornol  indicnUons  o(  dorsfti 
valve?  Tnke  vnriuiu  tragiiiHiils  ol'  Bnwliiopods  ami  explun  what  chnnicUre 
show  theni  to  be  EUch.  Show  areat  hi  apoeimeus  at  hand.  Shon  plaue  of 
dtUidium.  Canyon  find  any  pimiiflodEltldiniii?  Enumerate  all  the  charac- 
ters which  can  be  nemi  with  tliu  valvM  elotied.  Eniiinerat«  stnictiirea  con- 
cealed by  the  closed  valves.  Take  n  Bcparaled  valve  and  tstuiw  the  hin^ 
plale.  Docs  it  bear  an  ateaf  Has  it  «i'i>m>  at  foldf  Is  itJcmof  or  sentrtUf 
if  dorsal,  ]K>int  out  tho  aintinal  prvcfen.  Point  out  the  hinfff  eofJMt. 
Poijit  out  the  brachial  praiXMes.  Point  out  aceiumr  mart  ami  any  other 
characters.  It  it  is  ventral,  indicate  the  teeth.  Show  the  iHmriratnr  icart. 
To  whioh  valve  are  the  arras  attached?  Constnic-l  a  model,  if  you  can, 
ahowiug  the  mechanism  of  the  hinge  aetion  of  a  firachiopod;  make  thp 
valves  of  wood,  and  for  muscles  use  pieces  of  India  rubber  bands.  Take 
some  spucimens  and  investigate  them  in  the  various  ways  described,  and  ere 
what  internal  structures  can  be  discovered,  and  report  results  nl.  next  stndy. 


STUDY  ILXXIV.—  Purther  J^amincUion  of  Braahiopuda. 

The  two  spire-bearing  specimens  examined  (Figs.  172  and  173) 
show  the  spires  lying  with  their  apices  ttinied  outward,  l^e 
study  of  other  epecimens  would  sliow  the  spires  generally  iu  the 
same  prjsition.  One  of  the  commonest  foesils  of  iho  northwest, 
however,  A'trypa  retwulitrh,  Las  the  apices  of  the  spires  turned 
toward  the  centre  of  the  dorsal  valve.  This 
is  well  shown  in  Fig.  175,  where  wo  see,  also, 
a  plain  connecting  band  lying  in  the  hinge 
rngion,  and  having  its  middle  part  bent  for- 
iva.r<l.  This  species  is  thin  and  elegant 
when  young;  but  with  age  it  grows  plump 
and  finally  very  obese.  Different  individu- 
als hIso  differ  in  smoothness  and  form.  Con- 
sequently, inexperienced  collectors,  having 
a  dozen  or  more  of  these  very  common  Drift 
BpecimeuB,  feel  some  disappointment  in  be- 
ing told  tlioy  all  belong  to  one  species. 
Figs.  170  and  177  «rr  vi,-wa  of  . 
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In  the  southern  part  of  Ohio  and  Indiana  ia  found  in  great 
abundance,  an  elegant  little  shell  now  known  as  Zygospira  mod- 
eata,  Conrad  ap.  (Fig,  178).  Thousands  of  them  have  been 
picked  up  at  Cincinnati;  but  they  are  also  widely  dispersed 
through  the  Northwest.  Here  you  see  very  loose  spires  having 
their  apices  turned  nearly  toward  the  centre  of  the  dorsal  valv<', 
as  in  A'trypa.  They  are  also  connected  by  a  simple  band; 
but  it  arises  from  the  firit  turns  of  the  spires,  after  they  iiave 
reached  the  anterior  part  of  the  shell. 


a  circular 
tral  beak.  The  outline  is  sub-oval,  both  valves 
are  rather  convex,  and  the  surface  is  marked  by 
concentric  wrinkles  or  lines  of  growth.  It  is 
known  as  Spirig'era  spiriferoi'des,  and  also  as 
Ath'yria  spiriferoi'des.  It  is  a  common  thing 
to  find  one  of  the  valves  broken  or  worn  so  as 
to  expose  the  internal  spires.  It  is  only  a  few  Fia.  \-!9.— spirig-- 
years  since  Professor  James  Hall  succeeded  for  fr<t  ipirtftroMea, 
the  first  time  in  showing  the  complicated  char-  TnKi>oi«Ai.StDK. 
acter  of  the  connecting  band  in  this  genus.  o,  beoit  of  vcntnii 
Some  conception  of  it  may  be  formed  from  lar  perforoiion. 
Fig.  180.  Suppose  we  take  the  specimen,  ''"  ."^R"  "'ew 
Fig.  179,  and  lay  it  on  the  dorsal  side,  with  the  ^r^,  ,^  pjg  ^^ 
beaks  to  the  right.     Then  conceive  both  valves 
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i  k'l't  lying.     TlicH  iniagino  the  whole 
wpt  their  Hrst  (baaa!  or  central)  turns, 
and  their  connections  with  the 
'  ■''  brachial   plates  at  ii,  and  also 

the  coiiipliciLtcd  connecting 
band.  Whut  remains,  cnlargctl 
about  four  times,  is  the  pait 
shown  in  Fig.  180.  Consider 
the  iicarottt,  or  left  hand  spire. 
It  is  indicated  by  the  shading. 
\HMA  It  starts  at  a,  from  the  brachial 
ii  'I<Il:  ]>rocess,  extends  forward  a  short 
distance,  then  turns  upward 
/',  and  diverging  somewhat  toward  the 
dorsal  valve,  and  begins  the 
ire.  At  i  it  is  represented  as  broken 
n^  liiuicl  springs  up  at  d,  as  a  flattened  process 
d  so  tliat  tlic  outside  becomes  inside  and  joins 
I  other  side  at  e;  then  the  two  tuni  straight 
right  anijlc  upward  toward  the  ventral  valve, 
_/',  till!  left  hand  brunch  describes  a  backward 
curve  to  '/,  and  then  bends 
ward  nearly  parallel 
the  first  turn  of  the 
and    forward    to   A, 
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Various  other  modifications  of  the  connecting  band  exist  in  othei 


tnd  in  Iowa  and  Michigan,  ie 
another  peculiar  modification  of  the  internal  structure  of  spire- 
bearing  shells,  which  has  been 
named  Syringoth'yris.  The  com- 
monest species  is  S.  typus.  Win- 
ched. It  has,  as  Fig.  181  shows,  a 
very  high  beak  in  the  ventral  valve, 
and  an  enormous  triangular  area, 
with  a  three -cornered  opening 
sometimes  partially  closed  by  a 
pseudodeltidium,  D,  Fig.  18!]. 
From  the  dental  lamellce,  I,  I, 
Fig.  182,  springs,  on  each  side,  a 
transverse  plate,  m  m,  and  these 
meeting  in  the  median  plane 
curve  downward  and  are  so  bent 
fissured  tube,  t.  Fig.  183  illustrates  the  modificati 
ture  in  a  European  species  oE 


s  to  for 


two  sides  of  a 
I)  of  this  struc- 


the  same  genus. 

^-M<^ 

d 

All  the  Brachiopods  thus  far 

ny\ 

.»^PK. 

illustrated     are     spire-bearing, 

) 

<^^' 

and  constitute,  with  still  other 

v_y 

genera,  the  family  Spirifer'idw. 

Fiafl.184.lBS.    Tir- 

]S5-V[E»     PBOH 

How  they  are  to  be  studied  has 
been  shown  with  sufficient  de- 

BUBE, SUOWIKQ 
TBB   Loo  I-     PBOB 

tail  for  a   student  of   the  ele- 

MicHio*N,   Nat, 

THK  Side,    a,  an- 

ments  of  geology.     But  I  must 

rtxim  llOKBl  9td«, 

lerlor  margin;  S, 
beak    of    Yontrsl 

not  leave  the  impression  that  all 

vaJve  with  clrcn- 

Brachiopods  are  spire- bearing. 

Bhowini;     short 

d.   doreal    valve; 

The  highest  family,  Terebralu'- 

Inop,  /;  b:   bcnlt 

V,  isntral  valve; 

lidee,    is   composed    of    genera 

of   dorsal    valve; 

;,  loop. 

which  have  u  loop.     This  pre- 

seDts   many  curious  modificatio 

ns,  but  as  most 

of   the   species 

belong  to  formations  and  ages 

(Mesozoic)  not 

represented    In 
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3ar  the  lioincs  of  most  who  use  this  book, 
I  shall  oiTcr  only  tivo  illustrations.  The  first  ia  Terehrat'iOa. 
Tho  form  of  thij  shell  is  ovoid  —  very  different  from  most  of  the 
spire  hearers;  the  hinge  line  is  short.  Fig.  184,  and  the  ven- 
tral heak  iifis  u  circular  perforation.  The  exterior  is  neatly 
sinuoth  ami  marked  by  a  few  cooecntric  striations,  or  it  is 
radially  striated  and  rarely  plicated.  Examined  with  a  lens,  it 
is  st'en  marked  by  thousands  of  minute  pnnctations,  like  needle 
pricks,  and  this  is  true  of  the  whole  family.  The  armature 
(■(insisls  of  a  loop,  which  extends  from  the  brachial  processes 
forward,  and  is  generally  turned  back  into  the  ventral  valve 
al   the  anterior   extremity.     This    is  shown    in   Figs.   184,    185. 


[1  detail  in  Fig.  186. 
The  only  other  genus  to  which  I 
shall  refer  is  Ceittronclla.  The  loop 
has  been  fully  worked  out  in  the  spe- 
cies (k'nlroncUa  Julia,  which  ia  illus- 
trated in  Figs.  187, 188, 18fl.  The  loop 
is  shown  in  Figs.  188,  189.  The  geo- 
logical position  is  iiossibly  in  the  Che- 
mung. 

Many  of  the  Brachiopods  found  in 
the  Drift  are  entirely  destitute  of  cal- 
s  armature,  either  spire  or  loop, 
t  semicircular  in  outline, 
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having  the  ventral  valve  very  convex  and  the  dorsal  ( 
Some  of  these  forms  were  figured  for  the  purpose  of  showing 
hinge  structures  and  other  internal  characters.  (Sec  Figs. 
167.  168,  169.)  Here,  in  Fig.  190,  is  given  a  view  of  the  ven- 
tral valve  of  Strophome'na  incequiradiata,  Con.  Fig.  191 
■hows  the  dorsal  valve  of  Strophome'na  cdternata.  Con.,  as 
also  the  area  and  depressed  beak  of  the  ventral  valve,  and  the 
arched  pseudodeltidium.     The  dorsal  valve  of  Strophomena  is 


externally  concave,  as  is  shown  by  the  longitudinal  section, 
Fig.  192. 

The  further  study  of  Brachiopods  belongs  in  an  advanced 
course.  The  descriptions  and  illustrations  of  internal  structures 
already  given  are  far  more  than  is  customary  in  elementary  trea- 
tises; but  they  have  been  given  because  the  illustrative  speci- 
mens can  nearly  all  be  picked  up  from  the  Drift,  and  worked  out 
by  the  student.  They  belong  to  the  accessible  inductive  data  of 
the  science;  and  because  the  student  can  reach  them  by  his  own 
manipulation  and  research,  I  am  sure  they  will  awaken  an  eager 
interest. 

The  student  making  actual  researches  will  be  aided  by  the 
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following  table,  in  which  the  characters  pertaining  to  each  valve 
arc  I )r ought  together  by  themselves  : 


VENTRAL  VALVE. 

External  Chauacteks. 

Mo.-t  proinineiit  Beak. 
Perforation  for  pediele,  if  any. 
Most  ronspiciioiiM  Area. 
Notch  or  Fissnre  in  Area. 
Delti(iiuin  or  False  Deltidiiiui. 
Sinus,    if   one    e.xists   (save    in    very   few 
form?). 

Lntkunal  Characters. 

Teeth  for  articulation. 

Divaricator  Scars  (generally  one  large  one 
each  side  of  median  line). 

Occlusor  Scars  (generally  two  crowded  be- 
tween the  rear  parts  of  the  DivaricatorB"). 

Dent:il  Lanielhe. 


DORSAL  VALVE. 
External  Characters. 


Area  generally  wanting. 
Notch  present  when  area  ii*. 

Fold,  if   one   exieti*   (sinns   in  very  few 
forms). 

Internal  Characters. 

Socket?,  to  n^ceive  teeth  of  opposite  valve. 
Cardinal  Process  (for  attachment  of  Di- 
varicator muscles). 
Occlusor  Scars  (generally  four). 

Foveal  Plates  bearing  the  Sockets. 
Armature  (Spires  or  Loop). 
Crura  (or  basal  portions  of  Armature). 
Brachial  Process  (for  attachment  of  Arma- 
ture). 

P'inally,  to  aid  the  real  working  student,  I  append  an  ana- 
lytical table,  but  oiih/  of  the  genera  here  illustrated,  most  of 
which  are  by  far  the  commonest,  whether  in  the  Drift  or  in  the 
rocks.  l\vo  or  three  genera  are  here  included,  because  they  pos- 
sess interesting  internal  characters.  The  table  is  based  on  the 
method  which  the  young  student  will  naturally  pursue  —  first, 
observation  of  external  form  and  other  characters;  then,  study 
of  internal  characters: 


TAIiLK  Foil  DETERMINATION  OF  SOME  COMMON  BRACniOPODS. 

ITiii;,a*  lino  long  and  .straight;  often  the  greatest  transverse  diameter  of  the 
shell.  Form  of  shell  somewhat  triangular  or  semicircular. 
Beak  imperforate.  Surface  plicated  or  striated. 
Sinus  and  fold  well  developed.  Form  more  or  less  angulated  at  the  hinge 
extremities;  sometimes  rounded.  Exterior  distinctly,  often 
strongly,  plicated. 
Area  only  in  ventral  valve,  which  has  a  triangular  notch.  Armature  con- 
sisting of  two  spires  having  the  apices  turned  to  the  right  and 
left. 
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No  pseuclodeltidium. 

Spieifera.     Figs.  161,  162,  164,  165,  172,  173,  174. 
Pseudodeltidiuin  present.     Ventral  beak  very  prominent;   area  very 
large. 
Exterior  sharply  plicated.    Pseudodeltidiuin  complete.     Shell  struc- 
ture punctate. 
Cyetina.     Fig.  170. 
Exterior  with  medium-sized,  rounded  plications.     Pseudodeltidium 
partial.     Notch  with  a  deep  transverse  plate,  beneath  which  is 
a  fissured  tube. 
Syringothyris.     Figs.  181,  182,  183. 
Area  in  each  valve,  nearly  equal  in  the  two.     Triangular  notch  in  each 
valve.     No  calcareous  armature.     Saucer-like  pits  within  for 
insertion  of  muscles;  exterior  sharply  plicated. 
Delthyroid  Section  of  Orthis.     Figs.  163,  166. 
Sinus  and  fold  wanting  or  feebly  developed.     Outline  somewhat  semi- 
circular.    Area  in  each   valve,  the  ventral  the  broadest,  and 
having  a  triangular  notch,  which  is  sometimes  covered  by  a 
pseudodeltidium.     Ventral  valve  very  convex;  the  dorsal  often 
concave  externally.     Surface  radiately  st  riated.     Cardinal  proc- 
ess bifid  and  prominent.     Calcareous  armature  wanting. 
Non-resupinate   Section   of   Strophomena.      Figs.  167,  168,  172, 
191,  192.     [The  "  resupinate '"  section  has  the  ventral  valve  con- 
cave, and  dorsal  convex.] 
fiinge  line  short,  generally  inconspicuous.     Exterior  plicated,  concentrically 
wrinkled,  or  sin(x>th.     Perforation  at  or  beneath  the  ventral 
l)eak,   either  conspicuous  or  lialf- concealed.     Sinus  and  fold 
wanting  or  indistinct.     Form  ovoid. 
Area   beneath    ventral   beak,  and  liaving  a  triangular  notch.     Spires 
within. 
Rostral   perforation  conspicuous.     Exterior  concentrically  wrinkled. 
Sinus  and  fold  nearly  absent.     Apices  of  spires  turned  outward. 
Spirigera.     Figs.  179,  180. 
Rostral   perforation   concealed   or   inconspicuous.     Af)ices   of  spires 
turned  toward  centre  of  dorsal  valve. 
Exterior  with  strong,  sometimes  squamous  or  even  spiny,  concentric 
markings,  and   strong  radial  plications.     Adult    shell    tumid. 
Coils  of  spires  numerous  and  crowded. 
Atrypa.     Figs.  175,  176,  177. 
p]xterior  without  conspicuous  concentric  markings;  radial  plications 
small.     Adult  shell  small  and  lean.     Whorls  of  spires  few  and 
loose. 
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Zy(josi'ira.  Fig.  178. 
Area  IjtMieath  ventral  beak  wanting  or  st^arcely  perceptible.  Notch  usu- 
ally openin«;  into  the  large,  circular  rostral  perforation,  and 
^'enerally  closed  by  a  pair  of  deltidial  pieces.  Exterior  smooth 
or  conrentrically  lined,  or  radially  striate  or  plicate.  Sinus  and 
fold  soniet lines  wanting,  generally  little  developed,  and  soine- 
tinics  both  valves  feebly  sinuate  near  anterior  margin.  Shell 
minutely  punctate.  Armature  a  loop. 
The  loop  anteriorly  folded  back;  not  embracing  a  free,  vertical  plato. 

Tl-RKBRATULA.     Figs.  184,  185,  180. 
Tlu'  loop  not  fohled  back  anteriorly,  embracing  a  vertical,  fi'ee,  longi- 
tudinal, .spiny-margined  plate. 
Ckntuonella.     Figs.  187,  188,  189. 

EXERCISES. 

What  results  have  you  reached  in  the  investigations  proposed  at  the  last 
studyV  Tost  tlio  ''Table  f(n'  Determinations"  with  all  the  Brachiopods  you 
get.  Try  to  mako  a  model  of  the  armature  of  Spirigeray  using  cork,  paste- 
l)onr(l.  and  unuMlagc.  Make  a  model  of  the  armature  of  Centronella,  Make 
a  iiKHh'l  of  tlio  armature  of  Terehratula  flavescens.  Make  a  model  of  the 
liiii^^e  rej^Mon  of  Sf/rinyof/ti/ris,  using  white  pine,  pasteboard,  and  mucilage. 
('oj)y,  with  h'ad  pencil  or  with  India  ink,  any  of  the  illustrations  of  Brachi- 
opods. Make  a  drawing  of  a  Brachiopod  collected  by  yourself.  Grind  down 
a  sj^fciinL'ii  so  as  to  demonstrate  the  nature  of  its  armature.  Show  a  speci- 
iiicii  having  a  psoudodeltidium.  Pick  out  all  the  specimens  differing  from 
any  of  the  genera  here  described.  Take  one  of  these  and  write  out  a  descrip- 
tion for  yourself,  first  using  the  external  characters.  Make  a  drawing  of  the 
^anie.  Find  out  all  possible  of  the  internal  characters.  Write  a  description 
of  them.  Which  of  the  genera  here  described  does  this  specimen  most 
reseinl)ie':'  What  i>revo!its  its  belonging  to  that  genus?  Take  another  speci- 
men dilTerenl  from  any  gcuus  here  described,  and  state  whether  you  think  it 
lias  any  calcareous  aruuiture.  If  it  has,  do  you  think  it  a  pair  of  spires? 
Have  you  ever  noticed  a  resupinate  si)ccies?  What  genera  have  an  area  in 
eacli  valve'.-' 


Wo  have  now  pursued  this  method  of  instruction  as  far  as  the 
tiuH^  of  the  olcMnontary  student  will  permit.  We  have  shown  him 
how  to  take  his  lesson  from  nature,  and  have  inspired,  it  is  hoped, 
some  enthusiasm  for  the  science.  He  has  collected;  he  has  ob- 
served: he  lias  drawn  inferences;  and  from  these  he  has  reasoned 
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out  other  facts  which  could  not  be  observed.  This  is  the  method 
by  which  investigators  have  created  the  science.  It  is  the  natural 
method  of  beginning  the  study.  The  method  might  very  advan- 
tageously be  extended  over  various  departments  of  the  field  not 
yet  mentioned;  but  our  time  is  insufficient. 

The  facts  and  conclusions  reached  thus  far  must  necessarily 
exist  for  the  present  in  a  partially  undigested,  confused,  and  un- 
satisfactory state.  The  scattered  facts  and  principles  reached  by 
the  observational  and  inductive  method  which  we  have  pursued 
ought  now  to  be  reviewed  under  some  systematic  and  logical 
arrangement.  A  good  amount  has  already  been  done  in  the 
course  of  these  Studies,  to  bring  facts  into  systematic  arrange- 
ment; but  it  would  be  well  if  the  student  could  now  review  the 
whole  body  of  facts  in  logical  order.  As  this,  with  most  students, 
would  require  more  time  than  can  be  afforded,  we  are  forced  to 
reduce  Part  II  chiefly  to  a  statement  of  some  broader  generaliza- 
tions than  have  yet  been  made,  and  the  presentation  of  some 
important  additional  facts  and  principles  which  cannot  be  omitted 
from  the  elements  of  tlie  science. 


PART  II. 
SYSTEMATIC  STUDIES; 

OB,  OUTLINES    OP  A   LOGICAL   ABBANGEMENT    OF    THE    FACTS    AND 

THE   LESSONS   THEY   TEACH. 


General  Definitions  and  Divisions  of  the  /Subject. 

GEOLOGY,    as  a  term,  is  derived  from  yijy   the  earth,  and 
Xd^aqy  a  discourse. 
As  a  science,  it  treats  of  the  earth's  Constitution,  Condition, 
History,  and  Adaptations  to  human  wants. 

The  following  scheme  shows  the  logical  subdivisions  of  the 
science: 

Constitution, 

Material  (I.  Lithological). 
Mechanical  (II.  Structural). 
Condition, 

Temperatures, 
Solidity  or  Fluidity, 
Rigidity. 
History,  and  its  Evidences, 
Grounds  of  Inference, 

Existing  Dynamic  Agencies, 
Records  of  Former  Actions, 
Thermal, 
Chemical, 
Mechanical, 
Organic. 

(IV.   Palaeontological). 
(V.   Fonnational). 
Succession  of  Events  (VI.   Historical). 
Adaptations  (VII.  Economical). 

245 


a 


240  GEOLOGICAL   STl'DIES. 

The  terms  above  appended  in  parentheses  are  the  general 
divisions  of  the  subject  which  will  be  employed  in  the  following 
synoptical  treatment.     They  may  be  defined  as  follows: 

I.  LiTiiOLOGiCAL  Geology.  That  division  of  Geology  which 
tnMits  of  the  elementary  and  niineralogical  constitution  of  the 
Hocks,  and  their  mechanical  condition. 

II.  Structural  Geology.  That  division  of  Geology  which 
tn^ats  of  the  Superposition,  Succession,  Attitudes,  Accidents^ 
and  (Classification  of  Rocks,  both  Stratified  and  Unstratified. 

III.  Dynamical  Geolo<jy.  That  division  of  Geology  which 
treats  of  the  Forces  and  Modes  of  Action  which  have  produced 
the  results  witnessed. 

J\.  Palaeontology.  That  division  of  Geology  which  treats 
of    the  ()ri2:ani(;   Beings,   vegetable   and   animal,   which  lived  in 

former  ajres  of  the  world. 

V.  FoKMATiONAL  Geology.  That  division  of  Geology  which 
treats  of  the  successive  systems  of  rocks  and  their  subdivisions, 
and  indicates  the  order  of  distribution  of  fossil  remains  through 
them.  (Divisions  IV  and  V  furnish  the  principal  data  of  Division 
VI.) 

VI.  Historical  Geology.  That  division  of  Geology  which 
narrates  the  succession  of  terrestrial  events,  as  induced  from  the 
data  sup})lied  by  the  preceding  divisions,  and  as  deduced  from 
the  recognized  principles  of  the  science. 

VII.  r]coNOMic  Geology.  That  division  of  Geology  which 
enumerates,  describes,  and  locates  the  various  mineral  substances 
possessing  utility  for  man,  and  explains  the  methods  of  extract- 
inn*  tluMu  from  the  earth,  and  reducing  them  to  an  available  con- 
dition. 

Jn  the  following  .sketch,  none  of  the  above  divisions  can  be 
carried  beyond  a  very  elementary  treatment,  and  two  of  them 
must  be  dismissed  with  references  to  Studies  in  Part  I. 

riiat  part  of  the  earth  which  is  accessible  to  our  investigations 
is  called  llie  <'rtfsf.     Nearly  the  whole  of  the  earth's  crust  is  in  a 
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mineral  condition.  A  mineral  is  a  definite  chemical  compound, 
not  depending  on  the  presence  of  life  for  its  maintenance.  A 
rock  is  any  mass  of  mineral  matter.  Most  of  the  matter  of  the 
rocks  has  been  arranged  through  the  action  of  inorganic  forces; 
but  some  portions  of  it  are  of  organic  origin  /  though  nothing 
which  can  be  said  to  form  a  part  of  the  earth  is  properly  organic. 
A  rock  is  not  necessarily  solid. 


CHAPTER  1. 
LITHOLOGICAL  GEOLOGY  (Petrogbapht); 

OR,    WHAT    HAS    BEEN   LEARNED    ABOUT    THE   MATERIALS    OF   THB 

EARTH. 

[Thr  attention  already  paid  to  the  subject  in  Part  I  renders  it  unnecessary  to  intro- 
duce u  complete  summary  in  thiH  place,  the  more  so  since  summaries  and  tables  covering 

moHt  of  the  topics  may  there  be  found.] 

i^  1.     Chemistry. 
Some  rudimentary  ideas  may  be  found  in  Study  FV. 

§  2.     Mineralogy. 

See  this  subject  explained  in  Studies  V,  VI.  See  the  Gen- 
eral Review,  the  Table  of  Composition  of  Minerals,  and  the 
Table  for  Determinations,  in  Study  VII. 

§3.     Kinds  of  Bocks. 

A  rork  is  a  mass  of  mineral  matter,  consisting  of  a  single  min- 
eral, or  an  aggregate  of  minerals.  Rocks  are  characterized  and 
distinguished  by  their  mineral  constitution,  their  physical  struo- 
turo,  and  their  position  or  attitude  in  reference  to  other  rooks. 

1.   PHYSICAL  CONDITIONS  OF  ROCKS. 

( I )  Mineral  Constitution,  (a)  Essential  Constitubnts. 
Tliose  minerals  whose  presence  determines  the  specific  identity  of 
tlie  rock,  and  the  absence  of  one  of  which  would  make  it  some 
other  rock  species.  The  particular  specifications  belong  to  the 
definitions  of  the  rock-species  which  will  be  cited  beyond. 

(h)  Accessory  Constituents.  Those  minerals  which  are 
present  in  addition  to  the  essential  ones.  If  abundant  enough  to 
impart  any  conspicuous  or  otherwise  important  character,  they 
furnish  a  qualifying  term  for  the  name  of  the  rock,  as  shown 
below  : 

*24H 
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Quartzosey  or  quartziferouSy  containing  quartz.  The  qualify- 
ing constituent  may  be  of  such  variety  as  to  render  a  rock  ame- 
thystiney  agatiferouSy  chalcedonic,  Jfi7itj/,  cherti/y  or  jasper y. 
When  the  quartz  is  in  small  grains,  the  rock  is  arenaceous. 
When  it  is  intimately  disseminated,  or  combined,  the  rock  is 
silicious  —  a  term  often  used,  also,  as  equivalent  to  quartzose. 

FerruginouSy  when  stained  red  or  yellow  by  the  presence  of 
oxide  of  iron.  If  distinct  grains  of  hiematite  or  limonite  are 
present,  the  rock  is  hcematitic,  or  lunofiitic, 

J)/ritouSy  or  PyritiferoicSy  containing  pyrites. 

SaliferouSy  containing  halite,  either  crystalline,  or  in  solution. 

FeldspathiCy  or  FeUitiCy  containing  feldspar;  but  the  latter 
term  may  be  restricted  to  the  presence  of  feldspar  in  the  state  of 
a  matrix,  or  ground  holding  other  minerals  imbedded  or  inti- 
mately mixed;  but  in  this  sense  felsitic  is  only  the  adjective  form 
of  felsite. 

KaoliniCy  containing  kaolin.  3ficaceouSy  having  disseminated 
scales  of  mica.  Hydromieaceous^  having  disseminated  hydro- 
mica.  Talcosey  or  TalcitiCy  having  talc  in  scales  or  grains.  {Ser- 
pentinottSy  containing  serpentine.      ChloritlCy  containing  chlorite. 

AniphiholiCy  containing  amphibole.  Varieties  of  this  are 
hornblendiCy  tremolitiCy  and  acthiolitic. 

PyroxoiiCy  containing  pyroxene.  Varieties  are  ((ugitic  and 
diallagic, 

TaurmalmiCy  containing  tourmaline.  FpidotiCy  containing 
epidote.      GarnetiferouSy  containing  garnets. 

CalcitiCy  or  calciferonSy  containing  calcite.  But  when  calcite 
is  present  in  an  impure  or  amorphous  condition,  the  rock  is  com- 
monly described  as  calcareous.  This  term  is  also  used  when 
calcite  is  the  essential  ingredient. 

DolomitiCy  containing  dolomite.  SiderltlCy  containing  sider- 
ite. 

ArgillaceouSy  having  some  clayey  matter  disseminated.  But 
when  mingled  in  undiscernible  particles,  or  in  a  state  of  intimate 
union,  the  term  aluminous  is  preferable. 

CarbonaceouSy  with  carbon  disseminated,  generally  imparting 
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a  <lark  or  black  color.     Bltiimlnoun,  containing  bitumen.    Petrtt- 
/{f'(r(jKs^  containing  petroleum. 

Many  ot*  the  samc^  terms  are  employed  to  express  the  essential 
con.stitucnts  of  rocks.  'IMuis  a  iu'wareous  rock  is  one,  also,  which 
has  mica  for  an  <\ss<'ntial  constituent.  A  ttdcose  schist  is  one 
<'harartrrizr(l  by  talc.  Ordinarily,  where  practicable,  the  essen- 
tia! const ItiKMit  is  indicated  bv  retainin":  the  substantive  form  in 
a  compound  word.  Thus  mica-schist,  hornblende-schist,  having 
mica  or  horFil)h'nd(^  as  essential  constituent;  while  micaceous 
sandstone,  micaceous  hornblende-schist,  hornblendic  mica-schist, 
and  hornblendic  gneiss,  indicate  mica  and  hornblende  as  mere 
accessories.  It  would,  ptM'haps,  be  a  convenience  if  the  termina- 
tion -f>.s'  ((>.sv/.s',  aboumling  in)  were  employed  to  denote  an  essen- 
tial constituent,  in  distinction  from  an  accessory  one.  We  should 
then  have  rocks  characterized  as  mirose,  (Uilcaroar^  serpentinosey 
iitn/ifofir^  <',irh(.)H<tst\  etc.,  in  distinction  from  others  simply  mica- 
rroHs^  riih'iir(  ous^  Hcrpottuiou.^.  au(/itic.  nirhoiuu'eous, 

(2)  Physical  Constitution,     {a)  Fragmental  Rocks  are 

such  as  arc  composed  of  fragments  of  other  ro^ks.     Of  these,  a 

(U)n(lli)intriit*i  is  composed  of  coarse  rounded  fragments  and 
pcbljlcs;  and  w  hen  of  the  size  of  mustard  seed,  with  some  smaller, 
it  is  a  [p'U.     A  cemented  mass  of  angular  fragments  is  a  hreccia, 

S<i/Hjst(uii\  composed  of  fine  rounded  grains  —  generally  grains 
of  (piartz  —  more  or  less  iirmly  cemented. 

(ri'tuniUiv  signifies  composed  of  grains.  Granite  is  a  granu- 
lar rock;  but  most  granular  rocks  are  not  granite. 

/>//•/////,  lustreless,  of  indistinguishable  particles  and  not  hard- 
imlurated. 

S'liiil.  Fine  grains  of  any  sort  of  mineral  or  rock,  most  fre- 
(luenily  silicicMis.  When  of  volcanic  origin,  it  is  Volcanic  sand 
or  P'ptrnto^  derived  from  the  "  cinders  "  or  "  ashes  "  (commi- 
riute(l  lava)  produced  during  an  eruption.  When  the  ashes 
btM'(^nie  consolidated  they  constitute  volcanic  tufa.  None  of  these 
substances  have  ^ffHj jLred  0(mstitHti07t, 

(/>)  Ci:v<talmm:  Rocks.  Consisting  chiefly  of  distinct  crys- 
tals (;r   frai>-ments  of  crvstals.     Careful   observations  show  that 
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this  condition  sometimes  results  from  solution  in  water,  as  in 
depositions  from  springs;  sometimes  from  solidifying  from  fusion, 
as  in  lavas  and  other  erupted  rocks;  and  sometimes  through 
inetamorphism  of  deposits  originally  fragmental,  as  in  the  com- 
mon crystalline  rocks. 

Phaneroerystalline,  having  the  separate  crystal  fragments 
visible  to  the  naked  eye,  or  with  a  simple  lens. 

Microcrystalline,  exceedingly  fine-grained,  requiring  a  com- 
pound microscope  and  thin  slices  to  distinguish  the  constituents 
(Rosenbusch). 

Cryptocrystcdline,  when  no  magnifying  power  employed  on 
thin  sections  discloses  the  constituent  minerals;  while  at  the 
same  time,  the  whole  mass,  being  composed  of  doubly  refracting 
particles,  has  evidently  a  crystalline  texture  (Rosenbusch). 

Mierofelsitic,  partly  crystalline,  but  with  an  optically  iso- 
tropic or  uncrystalline  base,  used  especially  for  felsites. 

Colloid  (like  glue),  glassy  and  homegeneous  under  high 
powers.  When  a  rock  of  colloid  texture  reveals  lines  suggesting 
a  flow  of  molten  ^matter,  these  are  styled  fluidal,  and  the  texture 
\^JhiidaL 

Porphyritic,  having  distinct  crystals  disseminated  through  a 
mass  of  some  other  kind,  either  phanerocrystalline  or  cryptocrys- 
talline.  If  the  disseminated  crystals  are  of  feldspar,  we  say  sim- 
ply, the  rock  is  porphyritic;  and  if  the  base  is  also  felsitic,  the 
rock  \s porphyry.  But  if  the  disseminated  crystals  are  pyroxene 
or  hornblende,  we  say  the  rock  is  i^orphyritic  with  pyroxene  or 
with  hornblende, 

(c)  Relations  of  Rocks  to  Mechanical  and  Chemical 
Actions.  Hardness  depends  on  the  adhesion  of  the  particles 
under  pressure.     Quartz  is  hard,  but  gypsum  is  soft. 

Brittleness  is  determined  by  the  readiness  of  the  particles  to 
separate  under  a  sudden  shock,  like  a  blow  with  a  hammer. 
Quartz  is  brittle  though  hard. 

Toughness  is  reluctance  of  particles  to  separate  under  a  sud- 
den shock  or  blow.  Hornblende,  pyroxene  and  serpentine  are 
tough,  though  more  or  less  soft. 
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(\t//i/ffff't/Hss  is  closcMiess  of  texture;  but  it  does  not  neces- 
sarily make  a  liard  or  t()uo;h  rock.  Serpentine  is  compact  though 
soft,  and  a  <rnniular  quartzite  is  hard,  though  not  always  com- 
pact.     /*<r,'(),^fft/  is  the  reverse  of  compactness. 

J-Vltiliiliff/  is  incoherence  of  parts.  The  parts,  however,  may 
pos^rss  anv  de<>rcc  of  lianhiess,  as  in  friable  sandstones. 

Jturiihiliti/  is  absence  of  disj)osition  to  cliange  under  the 
influrn('«'s  exerted.  Ajjfainst  durability  \s  solubiliti/ oi  the  rock 
(like  limestone  or  gypsum),  or  of  the  cementing  material  of  its 
part>,  as  the  calcite  in  some  sandstones;  also  ^>oro?//f;iC^5,  which 
athnits  water  to  augment  its  solvent  action,  and  permits,  also,  the 
entraniM'  of  frost  to  exert  its  mechanical  action. 

("»)  Stratified  and  Unstratifled  States,    (a)  77ieJS(rati' 

fi,J  ( 'nmlit iiHt.     Tlie  materials  an;  arranged   in  layers  or  beds 

calleil  ft(nff((.     These  may  exist  in  any  im- 

ajrinable  attitude  or  condition.     Strata  are 

'  separated    by    narrow    openings.      These 

'i  '  '       '  '       1   pj.  , '        constitute   seams  when    filled   with    some 

Fi..  i!..j.    sk  V  MS  AND      sp^H'ial  sort  of  matter  (Fig.  103).     When, 
sruvTA     I  UK  K  nKi)i)i:i>      however,  a   very  thin   layer  between  two 

ANI>    I'lIlN    K».l»lU;i),   WITH  ,  ,  •  li.  f  T  x     x  *  '  i.      * 

,  ,  strata  is  a  result  of  sedimentation  it  is  a 

11). Mil.  Stratum  or  bed. 

Jlffssirr,    or     Thick-hediled^     indicates 

;'       thick  or  heavv  strata.     The  term  has  no 

\        definite  limits,  but  we  may  say  the  strata 

|7 , ,,  J,,,     I,  V  M  1  N  A  T  i;  i>      ^^''^  '^  ^**^^^  ^^^  more  in  thickness. 
^Ti.  \  r  I  r  I .  A  T I ..  N  (.  li  Thin-ln  dih  il  refers  to  thin  strata,  but 

has  no  precise  meaning.  We  may  say  the 
strata  are  four  inches  or  h\ss  in  thickness. 

Sjidhi,  havinn-  the  materials  d<'posited  in  verv  thin  layers  or 
leaves  as  in  Vx^^.  liM. 

L'innmi  are  thin  subdivisions  of  strata.  The  layers  of  a 
shalf  are  lamina*. 

(h)  I'll,  I^ns(r<i({fied  (\»iditl(ni.  This  exists  when  the  evi- 
deniMs  of  stratification  are  wanting.  The  metamorphic  rooks, 
for  tli<'  irn^nter  part,  show  but  feeble  and  remote  signs  of  strati- 
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fioation;  but  they  may  generally  be  discovered  in  {fia)  the  seams 
which  intersect  the  rock- mass,  or  {hb)y  lines  or  hands  in  the  dis- 
tribution of  the  mineral  constituents,  especially  mica,  hornblende 
and  pyroxene,  or  {cc)  in  some  other  inequality  in  the  distribution 
of  the  constituents  —  as  in  color  or  coarseness,  or  finally  (dd)  in 
the  fact  that  the  scales  and  lamellae  of  the  minerals  are  mostly 
disposed  in  one  direction.  (This  disposition  of  scales,  however, 
is  not  necessarily  the  result  of  sedimentation.) 

8.    METHODS  OP  STUDYING  ROCKS. 

(1)  Fhjrsical  Examinations.  Study  of  the  mineral  con- 
stituents through  their  physical  characters;  study  of  the  physical 
constitution  and  condition  of  the  rocks  ;  whether  stratified  or 
unstratified  (massive);  whether  crystalline,  uncrystalline,  colloid, 
or  porphyritic;  and  if  stratified,  whether  thick  or  thin  bedded. 
Here  are  embraced  also,  observations  of  color,  lustre  and  weight. 
This  is  the  method  most  available  for  the  elementary  student, 
and  hence,  the  one  here  employed. 

(2)  Microscopic  Examinations.  Thin,  transparent  or 
translucent  slices  of  rocks  prepared  as  indicated  on  page  205, 
and  examined  with  a  polariscope-microscope,  reveal,  by  the  optical 
and  minute  textural  characters  shown,  the  nature  of  the  con- 
stituent minerals.  This  is  accomplished  either  in  phanerocrystal- 
line  or  microcrystalline  rocks.  This  method  of  study,  introduced 
within  a  few  years,  is  constantly  growing  in  importance,  and  has 
become  indispensable  in  all  thorough  work.  But  we  must  be 
content  to  postpone  the  employment  of  it  to  an  advanced  course. 

(3)  Chemical  Examinations.  At  one  period  in  the  his- 
tory of  petrology  the  chemical  investigation  of  rocks  was  consid- 
ered, perhaps  justly,  as  the  most  exact  method  available;  and 
classifications  were  then  based  on  chemical  constitution.  Various 
expedients  for  arriving,  through  chemical  processes,  at  the  mine- 
ral ingredients  of  rocks,  have  been  proposed;  but  we  need  not 
explain  them  here.  Aggregate  or  average  chemical  characters 
are  still  employed,  as  in  the  terms  acidic  and  basic,  but  on  the 
whole,  chemical  methods  with  rocks   generally  have  fallen  into 
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disuse.     It  may  be  necessary  to  add,  however,  that  in  the  study 

of  minorals,  chemistry  holds  the  first  place. 

(4)  Magnetic  Examinations.    These  have  some  repute 

ill  the  study  of  certain  classes  of  rocks,  and  magnetic  indications 
are  probably  useful  in  explorations  for  beds  of  iron  ore  (see  T. 
B.  Brooks  in  Mich.  Geol  Rep,,  18G9-73,  Vol.  I,  Chap.  viii). 
But  it  is  not  ap})ropriate  to  enter  upon  the  subject  in  this  place. 

.'].     MOST  IMPORTANT  SPECIES  OF  ROCKS. 

Wo  again  refer  the  reader  to  Part  I.  The  principal  species  and 
groups  of  rocks  are  treated  in  Studies  IX-XIII.  In  Study  XIV 
we  have  also  a  retrospect,  embracing  a  systematic  Table  of  Rock 
Structure,  a  Table  of  Rock  Compositions,  and  also  a  Table  for 
Rock  Determination.  The  latter  indicates  the  eleven  series  under 
which  the  rocks  may  be  classed. 


CHAPTER  II. 
STRUCTURAL  GEOLOGY  (Geognosy)  ; 

OR,  WHAT   HAS    BEEN   LEARNED    ABOUT    FORMATIONS. 

§  1.     General  Definitions. 

Formation.  The  term  Formation  is  used  in  Geology,  as 
elsewhere,  to  express  the  abstract  conception  of  process  or  act 
of  forming.  It  is  also  used  in  a  concrete  and  specially  litholog- 
ical  sense  to  denote  that  which  has  been  formed.  It  is  the  litho- 
logical  result  of  an  action  or  concert  of  actions  producing  some- 
thing possessing  unity  and  completeness.  A  particular  "  forma- 
tion," though  it  may  be  a  constituent  of  something  which 
embraces  it,  has  limits  and  completeness  in  itself.  A  bed  of 
shale  is  a  formation,  and  so  is  a  bed  of  sandstone;  and  these  two 
may  be  so  affiliated  together,  and  so  differentiated  from  other 
beds  of  rocks,  as  to  constitute  a  formation.  A  doleritic  dike  is 
also  a  formation;  and  if  it  intersects  the  shale  and  sandstone,  the 
three  constitute  a  formation.  The  term  is  thus  general  or  com- 
mon, without  fixed  breadth  of  application.  The  term  terrane  is 
employed  in  a  sense  almost  identical. 

The  most  frequent  application  of  the  term  formation  is  to 
stratified  beds,  and  hence  ordinarily  it  refers  to  beds  belonging 
to  one  particular  interval  of  time,  as  the  "  Cretaceous  formation," 
the  "Potsdam  formation." 

Sedimentation,  The  deposition  of  rock  material  by  subsi- 
dence in  water. 

Stratification,  The  arrangement  of  rock  material  in  succes- 
sive layers.     This  generally  results  from  sedimentation. 

Layer.     A  single  sheet  of  sedimentary  material. 

Stratnin.     A  series  of  layers  intimately  connected.     The  lay- 

85r> 
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ers  may  differ  in  color  or  finenera,  or,  within  anuU  limitet  io  nu- 
terial.  The  term  bed  is  often  employed  in  the  auna  aeoM.  A 
bedded  rock  is  a  stratified  rook. 

Seam.  The  parting  plane  between  two  stntft.  It  it  gener- 
ally in  the  nature  of  &  thin,  non-sedimentKiy  Uyer,  difforent  from 
the  contiguous  layers  above  and  below.  The  nubstuioe  of  ■eama 
is  often  clay,  leaa  or  more  bituminous,  or  even  pure  iiupiMated 
bitumen  or  coaly  matter. 

Fossil.  The  relic  or  trace  of  an  organic  being,  animBl,  or 
plant,  embraced  in  the  subatanoe  or  open  spaoea  of  a  rook  or  a 
formation.     Rocks  containing  fonils  are  fottii\fer<m». 


%  2.     Accideata  of  Btratifled 


1.  AccidentB  of  Sedimentation.    The  ten 

erate,  arenaceous,  granular,  tandy,  ektdy,  and  tarthjf  are  btiaflf 
defined  (p.  350)  in  explaining  terms  employed  in  rook  i 
tions.     It  is  only  necessary  to  add  the  following  ; 

Oblique  Xiamination.    This  is  seen  when  the        a  of 
nation  are  inclined  to  the  plane  of  stratification.     The 
clination  of  the  laminie  may  persist  throughout  a  oi 
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within  one  stratnni,  i 
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iuf.ndir™B-  Drift  StruetttTM.  Tl     di 

terminations  of  laminati 

iges  in  inclination  of  lamina,  as  shown 
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Besides  its  occurrence  in  regularly  stratified  formations,  it  is 
everywhere  shown  in  the  "Modified  Drift"  (see  Figs.  7,  8,  and  9). 

Ripple  Marks.  Ridges  like  miniature  waves  on  the  surface 
of  a  stratum.  They  are  often  seen  on  the  surface  of  sand  drifted 
by  the  wind. 

Rain  Prints.  Marks  of  rain  drops,  produced  when  the  stra- 
tum was  a  soft  beach  sediment. 

Mud  Flow.  Appearances  like  flowing  mud  on  the  surfaces 
of  strata.     {Compare  Fig.  199). 

2.  Accidents  of  Secondary  Origin.   Many  changes  have 

takeri  place  in  the  structure  and  mechanical  condition  of  strata 
since  the  time  of  their  original  deposition. 

Mud  Cracks.  Irregularly  intersecting  fissures,  appearing  like 
cracks  produced  in  drying,  and  subsequently  filled  by  other  sedi- 
ments. The  filling  of  each  crack  shows  a  median  joint  or  fissure, 
as  if  the  deposit  had  flowed  down  each  of  the  opposing  walls, 
forming  layers  which  met  in  the  middle. 

Cone  in  Cone.  A  singular  and  unexplained  structure  seen 
io  some  argillaceous  strata,  having  lines  of  structure  arranged  in 
conical  or  trumpet- 
shaped  forms  in  sev-  ^WtpStf 
eral  series,  which 
seem  to  be  associ- 
ated together  in 
nests. 

lAgnilites,  Sti/lo- 
iites,   or  Toothed  Slrwture.     Partings  in  certain  | 
limestones  which  are  roughly  conformable  with  the 
stratification,  but  have  their  surfaces  studded  with    tooihed  stbdc- 
tooth-like  projections,  which  interlock  from  oppo-      tube,  Oftek 
site  sides,  and  appear  as  the  terminations  of  stri-      ^*^'-'-bi>  ii^n 
kted  or  furrowed  pegs  which  penetrate  the  rock 
vertically,  above  and  below,  and  at  a  distance  generally  less  than 
three  inches  become  confluent  with  it.    The  partings  and  the  peg- 
like forms  are  generally  blackened  with  bituminous  matter. 


tionary  struotni 
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rftblc  oonoretion  has  been  formed.  The  lines  pass  across  tbe 
bedding  planes  and  inclose  spaces  which  partake  of  the  general 
stratification,  thus  showing  that  the  structure  was  a  secondary 
result  (p.  48). 

Where  small  spherulitic  concretions  are  plentifully  dissemi- 
nated through  limestones,  the  latter  become  pisolitir,  ^prgum,  a 
pea),  or  oolitic  {dri>,  an  egg). 

Jointed  iSlriicture.  The  jjresence  of  one  or  more  sets  of 
divisional  planes  or  cracks  which  pass  across  the  stratification, 
extending  to  great  depths,  and  divide  the  rock  mass  into  cuboidal 
segments.  These  planes  sometimes  extend  in  rigidly  lixed  direc- 
tions for  many  miles,  and  those  in  each  set  are  strictly  parallel. 

Slaty  Structure,  or  Slaty  Gleavaffe,  consists  in  a  system  of 
closely  crowded  joints  which  create 
a  tendency  In  the  rock  to  split  in 
thin  sheets,  as  in  roofing  slate.  This 
cleavage  generally  crosses  the  pianos 
of  bedding,  but  sometimes  corre- 
sponds with  them. 

Polished  Faces,  "Siickensidcs." 
Polished  surfaces  along  the  faces  of 
a  fissure  intersecting  the  stratifica- 
tion, caused  apparently  by  friction 
of  opposed  surfaces  resulting  from 
slight  movements  in  the  earth's 
crust. 

SandJilaat  Action.  The  polishing  of  rock  sur 
of  pebbles  and  bowlders,  by  the  friction  of  dry 
the  wind. 

Jffelamorphism.  A  change  in  the  condition  of  a  sedimentary 
rock  by  which  tiie  lines  of  sedimentation  arc  obscured  or  obliter- 
ated, the  fossils  destroyed,  and  a  crystalline  condition  superin- 
duced. The  work  of  metamorphism  has  been  accompanied  by  a 
softening  or  aqueous  semi-fusion  of  the  materials,  the  formation 
of  new  crystalline  combinations,  the  moulding  of  certain  crys- 
tals around  others  (as  quartz  around  feldspar),  and  sometimes  tbe 
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sqiieozing  of  the  softened  rock  into  fissures,  imparting  to  it  the 
voiii-lik(?  condition  of  a  true  erupted  formation.  (See  further 
particulars  in  Chapter  Til,  §  3,  (4:).) 

*>.  Attitudes  of  Strata.  Tt  is  probable  that  most  strata 
were  originally  horizontal,  or  nearly  so.  Observations  upon 
inodc^rn  sedimentation  show  that  sediments  falling  upon  an  un- 
even bottom  tend  to  the  lower  levels  until  the  inequalities  dis- 
a])pear.  After  tliat,  the  successive  sedimentary  sheets  are  parallel 
and  piActically  horizontal. 

Tile  actual  attitudes  of  rocky  strata,  however,  are  generally 
at  a  wide  divergence  from  undisturbed  horizontality.  In  many 
instancu's  a  whole  formation,  over  hundreds  of  square  miles,  pre- 
sents a  regular  or  gently  undulating  inclination.  In  other  cases, 
in  additi(jn  to  the  general  inclination,  the  subordinate  beds  and 
laycns  have  undergone  a  complicated  disturbance. 

Outrrop  is  the  appearance  of  a  stratum  or  formation  at  the 
surface,  (generally  the  outcrop  is  the  weathered  termination  or 
edge  {)resentation  of  strata  which  from  that  point  disappear 
b(Mieath  other  formations. 

iJlp  is  the  direction  in  which  a  stratum  descends  below  the 
horizontal  plane.  The  amount  of  the  dip  is  the  angle  made  with 
the  horizon. 

Sf  rifcr.y  IVrnd,  or  Axis  is  the  direction  in  which  the  outcrop 
continues  along  the  surface.  If  the  surface  were  level,  the  strike 
would  always  be  at  right  angles  with  the  direction  of  the  dip. 
So,  also,  if  the  slope  of  the  surface  were  in  the  direction  of  the 
(lip  or  the  ()pj)osite  direction. 

Brtmlth  of  Outrrop,  This  is  the  distance,  measured  along^ 
the  surface  of  the  earth,  between  the  upper  and  under  sides  of 
the  formation.  Its  amount  depends,  in  a  level  region,  on  the 
thickness  of  the  formation  and  the  steepness  of  the  dip.  More 
generally  it  depends  on  the  thickness  of  the  formation  and  the 
angle  oi  jdianje  beneath  the  surface.  This  is  equal  to  dip  plus  the 
auirle  of  inclination  of  the  surface  if  it  rises  in  the  direction  of 
the  dip,  and  minus  this  angle  if  the  surface  descends  in  the 
direction  of  the  dip.     The  relation  is  such  that 
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Breadth  of  Outcrop 


Thickness  of  Formatio 


line  of  Plunge. 
Henoe,  when  the  plunge  is  90°, 

Breadth  of  Outcrop  =  Thickness  of  Formation. 
Henoe,  also, 

Thickness  of  Formation  ^  Breadth  of  Outcrop  X  Sine  of 

Synclinal  Axis.  This  is  a.  line  toward  which  the  strata  dip 
from  opposite  sides,  (See  Fig.  50.)  A  general  descent  of  the 
strata  from  opposite  sides,  across  a  broad  region,  regardleiis  of 
subordinate  flexures,  is  a  GeosyncUnal  arrangement. 

Anticlinal  Axis.  Tlie  line  from  which  the  strata  liip  in 
opposite  directions  {Fig.  45),  A  Gcnnft'c/jjiO^  expresses  a  gen- 
eral anticlinal  tendency  of  strata  over  a  wide  extent,  independ- 
ently of  subordinate  undulations  of  the  surface. 

Quaquaoeraal  Dip.     A  dip  in  all  directions  from  a  common 
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The  disturbances  to  which  the  earth's  crust  has  been  subjected 
have  not  only  tilted  the  strata,  but  subjected  tliem  to  extensive 
fracture.  A  line  of  fracture  generally  pursues  a  direct  course 
for  several  miles — sometimes  even  a  hundred  miles  or  more. 

A  Fault  or  Dislocation  is  a  displacement  of  strata  along  a 
fracture,  which   destroys  the  correspondence   of    the   strata  od 
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opi^osite  sides.  They  are  ooromm  in  monntunooa  regiotiB. 
Faults  may  attain  to  diapl&oemeDta  of  many  tbousuid  (e«t  A 
fault  results  from  an  upthrow  on  one  side  or  a  thwntUrote  cm  th« 

other.     Faults  are  illustrated  in  Figa.  86,  34 


A  Flexure  is  a  bending  of  the  strata.  When  the  flejinm  u 
abrupt,  or  considerable  in  rertical  ezteat,  it  often  reaulta  in  fmo- 
turc  ainl  faulting.  In  many  initanoes  a  fault  may  be  ttaoed  toto 
a  shattered  flexure,  and  thenoe  to  an  unbrDlcen  flexun^  whioh  atill 
beyond  dies  out. 

A  Fold  is  a  aeries  of  strata  uplifted  to  a  mora  or  lew 
elevated  anticlinal  axis.  Generally,  the  steepaeH  of  the  dip  ia 
greater  on  one  side  of  the  fold  than  on  the  other.  In  othar 
word^  ixAA 


Son. 

mo      the 

inolini 

n       !»- 

oomM 

IS 

give 

the 

on  one 

index 

tiul 

poeiti 

(Fi 

>■        )■ 

or   ei 

1 

rerti 

<       (1 

Strata  G,  5,  4,  3,  3,  1  on  the  left  of  the  figure  foil 
in  an  inverted  order,  1,  S,  8,  4,  5,  6,  on  the  : 
the  fold ;  and  the  strata  in  the  latter  Mriei  are 
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Plication,  Crumpling,  Contortion.  In  many  regions  strata  are 
not  only  tilted  &nd  folded,  but  wrinkled  or  plicated  in  an  irregu- 
lar and  remarkable  manner,  as  illustrated  in  Figs.  iiOi  and  205. 
Such  crumplings  naturally  suggest  the  exertion  of  enormous 
lateral  pressure  upon  softened  strata. 

Conformability  is  parallelism  of  the  sedimentary  planes  of 
strata.  When  the  dip  of  a  formation  is  different  from  that  of  a 
formation  on  which  it  is  superiinpoaed,  the  two  are  unconform- 
able. Generally  the  lower  formation  has  the  greatest  dip;  and 
this  demonstrates  that  it  has  experienced  at  least  one  more 
upthrow  than  the  overlying  formation  (Figs.  293,  107,  298). 
Sedimentation    over   a   surface    rendered    irregular  by  previous 
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wearing  results  also  in  a  species  of  unconformability  known 
as  a  break,  or  a  breach  of  stratigraphical  continuity.  (Figs. 
302,  298.) 

4.  ErOBion  of  Strata.  All  rocks  exposed  to  the  action  of 
the  elements  undergo  continued  wastage.  Their  exposed  sur- 
faoea  disappear  through  solution  or  disintegration.  The  rate  of 
disappearance  depends  on  the  intensity  of  the  action  and  the 
power  of  the  rock  to  resist  it.  Hence  the  wear  is  irregular,  and 
in  the  course  of  geologic  cycles  very  striking  results  have  been 
produced.     Some  of  these  are  illustrated  in  Figs.  75,  83,  32,  35. 

Denudation  is  the  wasting  away  of  the  rocks  through  the 
action  of  the  elements,  aided  sometimes  by  extraordinary  geo- 
logical action,  like  earthquakes,  floods,  and  lava  torrents. 

Gircumdenudation  is  a.  wasting  on  all  sides  of  a  mass  of 
rocks,  leaving  it  to  stand  at  or  near  its  original  altitude,  while 
the  surrounding  rook  masses  have  been  removed. 
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An  Outlier  is  an  outstanding  mass  of  rooks  rasolting  from 
circumdenudation.     Figs.  35^  355,  301. 

Erosion^  in  the  more  special  sense,  refers  to  meofaanioal  actkm 
localized  along  a  river  valley  or  sea  or  lake  coast. 

Corrosion  is  that  part  of  erosion  which  results  from  the 
impact  of  transported  materials  against  the  surfaces  undaif^ng 
erosion. 

§  3.    OonditLons  of  XTnstratifled  Bocks. 

1.    The  Erupted  OonditloxL    The  state  of  rook  material 

which  has  issued  in  a  molten  condition  through  rents  in  the 
earth's  crust,  like  lavas  from  modern  or  ancient  Yolcanoee,  or 
lava-like  materials  from  ancient  fissures  and  rents.  DesoriptioM 
have  been  given  in  Study  XXIII  of  several  important  ezam]rilea. 
The  basaltic  structure  belongs  to  erupted  rooks.  It  ooofliite  ia 
closely  fitting  polygonal  prisms  of  basalt,  of  which  some  faotaUe 
examples  exist  in  the  '^  Giant's  Causeway"  and  "Fingal'sGaTe"; 
also  on  the  banks  of  the  Hudson  and  Columbia  rivers. 

Erupted  beds  are  often  overlaid  by  other  erup        b< 
later  origin,  giving  a  truly  bedded  structure,  which  mi 
confounded  with  sedimentary  bedding.    Volcanic  beddii      i 
especially  on  the  slopes  of  volcanoes.    The  beddi 
also  common  among  the  ashes  and  cinders  ejected  from  '% 
openings,  as  in  California  and  Washington.     Some  of  il 
glomerate  beds  of  Keweenaw  Point,  Lake  Super!     ^  are 
by  some,  but  not  by  the  latest  writers,  to  be  an  "^ 

ejections,  though  interbedded  with  strata  of  undoubti 
origin. 

Amygdules,     Small    almond-shaped  or         eioidml   < 
filled  with  infiltrated  mineral  matter  of  vario 
one  sort  fills  the  cavity,  and  sometimes  varit        m 
introduced  in  successive  concentric  layers. 
are  aniygdaloids.      (Fig.   80.)      They  occur  in  t 
ficial  parts  of  anciently  igneous  formations.    The 
supposed  to  have  been  originally  filled  with  st 

Pneud-  A  mygdtdes.    The  mineral  filling  of  ro 


STRUCTURAL  GEOLOGY.  265 

by  some  means  were  enlarged  beyond  the  dimensions  of  an  origi- 
nal vapor  vesicle;  or  even  of  cavities  formed  where  no  vapor  vesi- 
cle e;cisted.     Sometimes  these  cavities  run  together. 

Metasomatic  Change,  The  displacement  on  a  large  scale  of 
the  chemical  substances  of  the  minerals  constituting  a  rock,  and 
the  substitution  of  other  chemical  substances.  The  transforma- 
tion of  augite  into  uralitic  hornblende  (having  the  form  of  augite 
and  cleavage  of  hornblende),  so  commonly  observed  in  the  North- 
west, is  part  of  such  a  process.  Similarly  we  find  chlorite,  viri- 
dite,  and  other  substances  appearing  as  secondary  products.  By 
such  and  analogous  changes  the  whole  body  of  a  formation  may 
become  changed.  All  regional  metaniorphism  of  stratified  rocks 
is  essentially  of  this  character. 

2.  The  Intrusive  Condition.  This  term  is  commonly 
applied  to  the  condition  of  rock  material  intruded  in  a  molten 
state,  between  strata.  This  is  illustrated  in  Fig.  40.  The  tra- 
ohytio  intrusions  of  the  Henry  Mountains  are  illustrations  on  a 
large  scale.     See  Study  XXIV,  page  150. 

3.  The  Vein  Condition.  A  Veln^  in  the  general  sense, 
is  a  fissure  in  the  earth's  crust  filled  with  mineral  matter  difTerent 
from  that  of  the  fissured  rock  (Figs.  9G,  97,  98).  When  the  fissure 
is  straight  and  filled  with  matter  injected  in  a  molten  state,  it 
forms  a  dike  (Figs.  77,  79,  83).  When  the  filled  fissure  is 
more  or  less  sinuous  and  irregular,  it  forms  a  vein  in  the  more 
restricted  sense.  Such  veins  may  be  filled  with  granite,  por- 
phyry, or  other  rocks  commonly  reputed  of  the  igneous  class. 
(Fig.  46.)  Most  commonly,  however,  the  filling  of  a  true  vein 
consists  of  layers  of  various  mineral  matters  on  the  opposite 
walls,  in  corresponding  succession  (Figs.  99,  100).  This  subject 
is  further  elucidated  in  Study  XXVII. 

§  5.    Classification  of  Formations. 

1.    Evidences  of  Relative  Age.    (1)    From  Superpo- 

sUion,  Evidently  the  sediments  were  originally  laid  down  in  the 
order  of  age.  Unless  subsequently  overturned,  the  relative  ages 
of  the  strata  would  be  indicated  by  their  order  of  superposition. 
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Cases  exist,  however,  in  which  an  upraised  fold  has  been  over- 
turned on  a  vast  scale.  Here  the  ages  of  the  strata  on  the  under 
side  of  the  fold  must  be  the  reverse  of  their  order  of  superposi- 
tion (Fig.  203).  These  circumstances  create  great  difficulties  for 
the  practical  geologist. 

The  faulting  of  strata,  in  some  cases  where  the  accident  is 
concealed,  gives  rise  to  embarrassments  in  determining  the  true 
order  of  superposition.     Here,  in  Fig.  20G,  the  strata  are  faulted 


Fio.  .i(K)— Repktition  op  Strata  by  Faulting.  Faultod  limestone  at  Bamogat, 
Diitclu'ss  Co..  N.  Y.     (Mathor.) 

Vic.  207— Dki'osition'  Subsequent  to  Fokmation  or  Dike  or  Fault.  Section  In 
C  ahibria.  U'ort«^se.)  /''i,  Filadclfiii.  g,  Granitic  rockh.  </,  Dioritic  rocks.  p\  Plio- 
ct'iu-  s^tnita.     fi\  Fault  intersecting  the  Apennines;  older  tlian  the  Pliocene  epoch. 

Fi«;. -208.  Dike  and  OvEUFLow  wiTii  SuBSFQUENT  Sedimentation,  rf.  Dike.  *,  Over- 
sow.    (/,  h.  Later  r>i'dinK'nt!«. 


at  />  hi,  c  ))iy  d  hi,  etc.,  so  that  the  stratum,  a,  after  dipping 
beneath  the  surface,  is  brought  to  the  surface  again  at  by  c,  d, 
etc.,  and  thus  appears  to  be  four  or  more  different  strata  of  the 
same  kiii<l. 

(2)  J^iudence  fro)n  IwssUs.  Geological  investigation  has 
shown  that  the  stratified  formation  of  each  successive  period 
is  characterized  by  particular  fossil  remains.  Having  learned  by 
extensive  observation  what  are  the  characteristic  fossils  of  each 
formation,  the  discovery  of  any"  of  these  fossils  may  be  taken  as 
evidence  of  the  age  and  position  of  the  formation  in  which  they 
occur.  In  general,  the  evidence  of  age  when  skilfully  deduced 
from  fossils,  is  considered  next  in  value  to  that  derived  from 
observed  super])osition.  But  the  value  of  palseontological  evi- 
dence diminishes  with  the  increase  of  distance  between  the  local- 
ities comj)ared,  and  with  tlie  divergence  of  the  physical  condi- 
tions  under  which   the   two   faunas   existed  while   living.      The 
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nature  of  those  conditions  is  indicated  in  part  by  the  kind  of 
rock  holding  the  fossils. 

(3)  JEvidence  from  Intersectio7is  of  Vein  Matter.  It  is 
at  once  intelligible  that  a  vein  or  dike  interrupted  or  cut  off 
by  another  vein  or  dike  existed  before  the  one  which  cuts  it  off. 
On  this  principle,  the  chronological  succession  of  a  considerable 
number  of  dikes  may  sometimes  be  determined.  A  remarkable 
case  is  illustrated  in  Study  XXVII,  Fig.  98.  In  some  cases  a 
dike  or  fault  may  be  seen  intersecting  the  low^r  strata,  but  ter- 
minating before  reaching  the  surface.  In  the  case  shown  in  Fig; 
207,  the  evidence  is  that  the  dike  or  fault,  JF]  is  older  than  the 
formations  ply  and  g  and  d  below  pi.  The  proof  of  anteriority 
of  a  dike  is  clearer  when  there  remains  a  mass  of  overflowed 
matter,  e.  Fig.  208,  resting  on  the  ancient  surface  and  now 
included  between  the  older  strata  and  the  later  a,  deposited  upon 
it.  In  some  cases,  however,  tlie  molten  matter  e  has  been 
intruded  between  the  strata  after  the  deposition  of  the  overlying 
strata,  as  in  laccolitic  mountains.  Figs.  82,  83.  Compare  also  the 
porphyry  intrusions.  Fig.  46. 

(4)  Method  of  Combiniiig  the  Observations.  Suppose  careful 
determinations  of  strata  have  been  made  in  many  places.  Sup- 
pose the  various  formations  have 
been  so  studied  and  identified  that, 
separately,  each  may  be  charac- 
terized and  named.  Suppose  that 
in  one  region  (1),  as  indicated  in 
the  annexed  scheme,  the  forma- 
tions studied  may  be  .designated 
E,  F,  G,  H;  in  another  (2),  B,  C, 
E,  F,  G;  in  another  (3),  A,  L,  M, 
N,  O;  in  another  (4),  H,  I,  J,  N; 
in  another  (5),  B,  D,  K,  M,  and  so 
on.  Then,  correlating  these  sev- 
eral series  of  strata,  we  should  have  them  stand  as  shown  in  the 
columns  headed  (1),  (2),  (3),  (4),  (5).  Obviously,  then,  the  com- 
plete succession  deducible  from  these  collated  series  is  that  shown 
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in  tlio  coliiniii  lieaded  (VI).  Now,  wherever  any  formation,  as  F, 
is  rocoufnized  l)y  its  fossils,  or  otherwise,  we  know  its  position  in 
tht^  c(^mplete  series;  and  wo  know  what  should  follow  next  above, 
and  what  next  below.  And  whenever  the  succession  is  inconi- 
j)l('te  as  ill  (1),  wo  know  the  four  newer  formations  are  wanting; 
when  it  is  like  (2),  we  know  the  newest,  and  also  formation  D, 
are  wantinir;  when  like  (3),  we  note  a  wide  gap  between  A  and 
L,  and  so  on. 

2.  The  Cycle  of  Sedimentation.    The  phenomena  thus 

<lesin'n;ited   are   also   connected  with  the   relative  ages  of  strata. 

CYCM.RS  OF  SEDIMKXTATIOX. 
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iWavcrlySaiulstoiic.  Wavorlj'    Ciroiip.  Mountain 


LimcBtone. 


(.Mar>liall  Pha«(.'.)     (Chouteau  Pha:*e.) 


-  /: 

u.  — 
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I       ^tOUf. 


7. 


1.  — 


Medina  Sandt-tone. L':  .„„-«  ci.^i^ 

OiieidH  C()n<'loiiier-^'"«'*'^^  Shale, 
oil.  Ida  «..()nf,ionu  r  ,('iint„„  Group. 


ule. 


Limestone. 


I'orniferons 

Limestone. 


Niagara 

Limestone. 


Permian  Gronp. 


False  Coal  Meas- 
nres. 


Hamilton  Gron  p, 
followed  by  Che- 
mung. 


Salina  (}roup. 


Potsdam  Sand?ton(.'. 


C  a  1  c  i  f  0  r  o  n  s  and  m «.„„  r^ 

Q,\\\x'/.s  iTronton  Group. 


Cincinnati  Group. 


It  t  xjircsses  th(^  treiieral  fact  that  the  series  of  strata  is  made  up 
of  rt'petitions  of  a  smaller  series;  and  the  smaller  series  has  below, 
a  ('oars(»  fraoiuental  member,  followed  by  a  fine  fragmental  mem- 
ber, and  so  on  in  fixed  order,  and  terminating  with  a  calcareous 
or  caleareo-fraii^mental  member.  This  order  of  succession  is  con- 
necter I,  as  we  shall  hereafter  see,  with  the  periodical  occurrence 
of  o'n»at(  r  and  less  energy  in  the  processes  of  sedimentation. 
This  order  is  not  to  be  conceived  as  always  sharply  defined;  but 
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the  general  expression  of  it  in  tiie  entire  series  of  strata  is  suf- 
ficiently striking  to  be  noted  as  a  fact  of  geological  significance. 
Anticipating  the  explanations  of  the  names  of  formations,  we 
here  subjoin  (page  2G8)  a  tabular  exhibit  of  the  large  cycles  real- 
ized in  the  succession  of  geological  groups. 

The  oldest  formation  here,  the  Potsdam  Sandstone,  is  placed, 
as  usual,  at  the  bottom.  This  is  "coarse  fragmental."  At  the 
right  is  placed  the  next  following  formation,  the  Calciferous  and 
Chazy,  and  these  together  represent  the  "  fine  fragmental " 
member  of  the  Cambrian  Cycle.  Next  to  the  right  stands  the 
Trenton  Group  (proper),  and  this  is  the  great  "calcareous" 
member  of  this  cycle.  Finally,  still  further  to  the  right,  is  the 
Cincinnati  Group,  which,  as  we  shall  see,  is  mixed  calcareous  and 
argillaceous,  and  thus  stands  for  the  last  member  of  the  cycle. 
The  next  formation  in  ascending  order  is  the  Oneida  Conglom- 
erate and  Medina  Sandstone.  This  is  coarse  fragmental  again; 
and  thus  commences  a  new  cycle.  On  its  completion,  a  third 
cycle  begins  with  the  Oriskany  Sandstone.  Thus  the  whole  Pal- 
seozoic  series  is  composed  of  five  Sedimentary  Cycles.  The  expla- 
nation of  the  Cycle  belongs  to  Dynamical  Geology. 

3.  Gteneral  Terms  Employed  in  Classification.    (1) 

Categories  of  Tirne  cmd  Strata.  On  such  grounds  as  have  been 
explained,  the  wliole  series  of  strata  forming  the  stratified  crust 
of  the  earth  may  be  divided  into  general  and  subordinate  assem- 
blages. The  object  of  the  classification  is  to  give  expression  to 
the  history  of  events  in  the  life  of  the  earth.  These  events  have 
been  both  inorganic  and  organic.  There  has  been  a  series  of 
transformations  of  the  earth's  physical  aspect,  and  a  correspond- 
ing series  of  transformations  of  the  organic  populations  which 
have  inhabited  the  surface.  The  only  records  of  these  great 
events  are  preserved  in  the  rocks.  They  are  a  part  of  the  rocks. 
The  epochs  of  more  energetic  action  in  the  transforming  agencies 
have  been  marked  by  coarse  fragmental  deposits;  the  long  peri- 
ods of  repose  and  luxuriance  of  organic  production  are  symbol- 
ized by  the  great  accumulations  of  limestone.  The  same  events 
which  changed  the  aspect  of  the  physical  world  had  some  connec- 


270  GEOLOGICAL   STL' DIES. 

tion,  at  least,  with  changes  in  the  aspect  of  the  organic  world. 
Thus  a  classification  of  the  rocks  is  a  marking  off,  also,  of  the 
stages  in  the  history  of  life. 

At  certain  epochs  the  lithological  and  pahvontological  breaks 
are  found  exceedingly  profound.  These  divide  the  history  of  the 
world  since  sedimentation  began,  into  a  succession  of  grand  Eras 
or  ^Kons.  Correspondingly,  they  give  us  the  greater  divisions 
in  tiie  succession  of  events.  There  are  two  conceptions  in  geo- 
logical classification,  time  and  eiumtSy  and  the  events  must  corre- 
spond to  the  time.  The  rocks  are  the  records  of  the  events.  So  a 
grand  division  of  time  gives  us  a  grand  division  of  the  rocks  and 
a  grand  division  in  organic  life.  The  general  designations  of 
these  grand  divisions  are  u^o>i  (sometimes  £ra)  in  reference  to 
time,  and  Graif  Si/stan  in  reference  to  strata.  The  type  of 
organization  corresponding  has  received  no  general  designation. 
The  divisions  of  an  ^Eon  are  designated  Af/es,  and  the  divisions  of 
a  (irrdt  St/sff  f/i  are  generally  known  as  Si/stenis,  So  Ages  are 
further  divided  into  Perii)ds,  and  Systems  are  divided  mioGroups. 
When  we  carry  the  division  farther,  Periods  are  divided  into 
J'Jporhfi,  jiiul  Groups  into  Stages,  This,  at  least,  is  the  general 
system  of  nomenclature  employed  in  this  work,  and  conforms  very 
closely  with  general  usage  in  America.  Attempts  have  been 
made  by  an  International  Geological  Commission  to  unify  the 
usaire  of  dilT(M*(Mit  nations,  but  the  recommendation  of  the  Com- 
mission is  unfortunately  one  not  likely  to  command  the  accept- 
aii(M»  of  American  geologists  in  consequence,  partly,  of  its  wholly 
ikhmUcss  (^hann^es  in  the  use  of  terms. 

We  now  arrange  these  general  terms  in  their  proper  order  of 
suhordination  for  convenience  of  the  student,  repeating,  for  con- 
v<Miienre  of  reference,  the  table  on  page  108. 


Tviif  I)}r'iii}()nii. 

Rock  Diristons. 

Examples. 

.KON. 

GREAT  SYSTEM. 

PALAEOZOIC,  CiBNOZOIC. 

A(;i:. 

SYSTKM. 

(  AMBKIAN,   TRIASSIC. 

Porioil. 

Group. 

Niagara,  Eocene. 

Kpocli. 

Stap:c. 

CalcifuroQB,  Champlain. 

Kacli  of  the  different  time  divisions  has  its  special  designation 
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as  Eozoic,  Palaeozoic.  The  same  special  names  apply  to  the  cor- 
responding rock  divisions.  So  we  may  say  "  Cambrian  Age  "  or 
"Cambrian  System";  "Niagara  Period  "  or  " Niagara  Group." 
But  each  special  name  can  only  be  used  for  a  certain  category — 
an  ^on  or  a  Great  System;  an  Age  or  a  System,  and  so  on.  We 
should  not  say  the  "Cambrian  Period"  or  "Cambrian  Epoch"; 
the  "  Palaeozoic  Age "  or  "  Palaeozoic  Period."  This  would  be 
like  giving  the  name  of  a  class  to  an  order  or  family.  But  this 
solecism  is  too  frequently  perpetrated  even  by  our  reputable 
writers.  We  shall  even  observe  grosser  negligence  in  employing 
time  designations  where  rock  designations  are  meant,  as  "  The 
Trenton  Period  is  composed  of  calcareous  rocks,"  instead  of 
"Trenton  Group." 

(2)  StrcUigraphiccd  Gaps,  It  has  already  been  abundantly 
shown,  in  Study  XIX,  that  the  complete  series  of  formations 
underlies  the  earth's  surface  only  in  limited  regions.  In  other 
regions,  rocks  belonging  low  in  the  series  occupy  the  surface;  or 
at  least  rocks  formed  long  before  the  conclusion  of  the  work  of 
rock  making.  It  often  appears,  also,  that  the  series  of  forma- 
tions under  a  particular  region  is  deficient  in  more  than  the  upper 
portion  of  the  standard  series.  Some  of  the  lower  ones  are  found 
omitted,  as  illustrated  in  the  columns  (2),  (3),  (4),  and  (5)  in  the 
scheme  on  page  2G7-     This  forms  a  Stratigraphical  Gap. 

(3)  Geological  Horizon,  We  may,  however,  make  out  a 
statement  of  the  complete  series  of  formations.  Then  each  form- 
ation stands  in  a  particular  place.  That  is  its  horizon.  Wher- 
ever we  recognize  it,  the  same  formations,  save  the  occurrence  of 
gaps,  are  always  found  above,  and  the  same  below. 

(4)  Geological  Equivalents,  Whenever  we  find  the  same 
geological  horizon  in  two  localities,  however  separated,  the  form- 
ations in  the  two  regions  are  equivalent.  Very  likely  the  char- 
acters of  the  strata  will  be  different.  They  may  be  even  as  dif- 
ferent as  sandstone  and  shale;  but  chronologically  they  are 
equivalent,  and  lie  in  the  same  geological  horizon.  Owing  to  the 
difference  in  the  nature  of  the  sediments,  the  species  of  molluscs 
included  may  be  partially  or  even  wholly  different,  and  thus  the 
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p&licoiitological  ideDtifioation  bo  detektad.  Muiy  auoh  o— ai  srs 
known.  Wc  may  thoa  determine  equivalenoy  of  horisona  bj  ft 
wide-extended  study  o(  orders  of  superposition,  as  illustrated  Ui 
the  scheme,  page  207;  or  we  may  identify  one  or  more  oonspiou- 
ous  fossil  types  not  observed  in  either  locality  to  range  above  or 
below  a  particular  stratum  or  formation;  or  finally,  the  experi- 
enced palieontologist  may  detect  a  particular  eaqtrtuion  in  some 
of  the  fossils  or  in  the  collocation  of  the  foaiils  in  the  two  plaoea, 
which  will  serve  as  an  indication  that  the  strata  in  those  plaoea 
belong  in  the  same  geological  horizon. 

(.'))  Geological  Synonym*.  The  geology  of  the  earth  baa 
been  studied  independently  in  different  regions.  Baoh  inyasti- 
gutor  has  determined  the  succession  in  his  region;  and  nnloM  fa* 
could  certainly  determine  the  equivalences  between  bis  formatioan 
and  those  of  some  earlier-studied  region,  baa,  aooording  to  oos- 
tom,  bestowed  his  own  names  upon  them.  Tfaese  are  ordiBuilj 
geographicai  designations.  The  name  points  to  acMue  loooWy 
where  the  formation  oan  be  advantageously  studied.  Now,  in 
the  course  of  time,  it  becomes  certain  that  a  formation  nattied  UI 
one  region  is  the  equivalent  of  a  certain  formation  diffarantly 
named  in  another  region.  The  two  names  are  now  synOoyDH. ' 
Thus,  in  some  caaea,  we  have  acquired  many  nam 
geological  horizon.  This  multitude  of  synonyms  causes  confu- 
sion for  the  student  and  the  investigator;  bat  it  must  not  be 
complained  of.  The  synonymy,  for  the  greater  part,  aiTccts  only 
the  subordinate  divisions  ot  the  rooks  and  these  ure  not  her 
introduced. 

(C)  The  Law  uf  JViorili/.  Geologists  have  agreu.l,  in  pn 
tice,  m>t  only  that  the  most  suitable  namea  for  formations  are 
geographical,  but  that  the  one  first  proposed  ihall  be  accepted 
genernlly,  and  thus  become  a  standard  designation.  But  it  is 
not  allowable  to  take  an  old  name  which  has  bi^c-n  employed  tn 
embrace  a  certain  range  of  strata,  and  subaeqaently  employ  it  for 
a  wider  or  narrower  range,  as  is  sometimes  dono  bj'  geologists  in 
their  use  of  the  terms  "  Nashville  GTOup''aDd"Waverly  Group." 
j^gainst  cither  of  these,  as  a  designation  of  an  iisseinblago  of 
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strata  wider  or  narrower  than  that  originally  designated,  any 
name  later  proposed  would  hold  the  right  of  priority, 

4.    Table  of  Geological  Equivalents.    We  will  now 

arrange  in  a  Table,  the  complete  series  of  lorinatioiis  with  their 
accepted  classification,  descending  to  the  divisions  called  "  peri- 
ods "  and  "  groups."  Then,  in  parallel  columns,  we  will  insert 
tKe  names  of  the  equivalent  formations  as  known  in  particular 
regions.  Wo  will  select  a  few  states  in  which  investigations 
began  at  early  periods,  or  were  carried  on  without  the  possibility 
of  certain  connection  with  older  studied  states.  To  these  will  be 
added  a  column  showing  the  principal  English  equivalents.  The 
places  left  blank  indicate  what  formations  are  wanting  in  the 
several  regions. 

Remarks. — The  student  may  take  notice  as  follows:  1.  The 
subdivisions  of  the  Jurassic,  standing  in  the  column  of  Ameri- 
can Standards,  cannot  be  said  to  have  come,  as  yet,  into  general 
use.  2.  The  Catskill  Group  is  generally  ranged  under  the  Devo- 
nian. 3.  The  Waverly  or  Marshall  is  not  generally  placed  in  the 
horizon  of  the  Catskill.     For  other  remarks  see  Chapter  V. 
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CHAPTER  III. 
DYNAMICAL  GEOLOGY  ; 

OK,     WHAT     HAS     liEEN     LKAKNEI)     ABOUT    (iKOLOGICAL    AGENCIES. 

W  i:  should  now  make  some  condensed  statements  respecting 
the  lorces,  jigenrios,  and  methods  of  geological  work.  How  have 
those  })hysical  results  been  accomplished  to  which  our  attention 
has  thus  far  in  this  Part  been  turned?  IIow  have  rocks  origi- 
nated? How  have  they  been  consolidated?  How  upturned, 
folded,  and  })licated  ?  How  metamorphosed  ?  How  have  mount- 
ains l)e(Mi  uplifted,  valleys  sunken,  and  the  basins  of  the  lakes 
and  (jceans  scooped  out?  The  explanation  of  these  phenomena 
l)elon<^s  to  Dynamical  Geology.  We  must  restrict  ourselves  to 
very  summary  statements. 

>^  1.     Agency  of  Water. 

1.  Running  Water,  VV^e  begin  with  the  action  of  run- 
nino-  water,  because  its  results  are  most  familiar.  The  mere  im- 
pact of  rain  drops  on  the  surface  disintegrates  the  soil  and  even 
the  solid  rocks.  The  dripping  from  the  roofs  of  caves  sometimes 
wears  llutings  in  the  stony  walls.  But  rain  water  accumulated  in 
torrents  works  sometimes  with  amazing  energy%  The  destructive 
w(  ar  of  any  swollen  stream  is  something  which  has  attracted  the 
notice  of  all.  Most  of  the  erosive  work  in  sediment-bearing 
streams  is  by  corrasion. 

livery  modern  river  flows  in  a  valley,  and  the  valley  is  simply 
a  record  of  the  river's  erosive  work.  To  what  this  in  many  cases 
amounts  has  been  illustrated  in  Study  XYF  and  elsewhere. 

Wlure  a  stream  is  precipitated  over  a  "fall,"  the  reaction  of 
the  water  at  the  foot  gradually  undermines  the  cliff,  and  it  breaks 
down    l)y  degrees.     This    is    more   rapid  than  ordinary  erosion* 
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Host  high  waterfalls  are  by  such  means  in  process  of  recession. 
As  the  recession  continues,  the  foot  of  the  fall  gradually  rises. 
Unless  a  fall,  therefore,  retreats  up  a  rapid  stream,  its  height 
must  continually  diminish,  ami  at  last  the  fail  will  be  sloped  off 
to  a  rapid  chute. 

Subterranean  streams  erode  chiefly  by  solution  and  by  friction 
of  the  water.  A  stream  flowing  tiirough  a  fissure  constantly  en- 
larges it;  but  more  especially  if  the  fiesure  is  in  limestone.  By 
such  means  caverns  have  been  produced,  some  of  which,  like  the 
Adelsberg  and  the  Mammoth  caverns,  have  become  wonders  of 
the  world.     The  latter  (Fig.  209)  has  many  winding  and  mutually 
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Fio.  MM.— Plih  of  Maiuoth  Cave.     (Hove;.) 

intersecting  passages,  which  aggregate  in  length  150  miles.  The 
diameter  of  the  area  covered  by  the  cavern  is  10  miles,  and  the 
main  passage  extends  4  miles.  It  is  from  40  to  300  feet  wide, 
and  from  35  to  125  feet  high. 

The  amount  of  sediment  transported  by  great  rivers  is  quite 
enormous.  According  to  the  investigations  of  Humphreys  and 
Abbot,  the  silt  carried  to  the  Gulf  of  Mexico  by  the  Mississippi 
River  amounts  to  l-1500th  the  weight  of  the  water,  or  l-2900th 
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its  hulk.  This  silt  amounts,  in  other  words,  to  812,500,000,000,000 
pounds  per  year,  or  a  mass  1  mile  square  and  241  feet  deep. 
Besides  this,  the  Mississippi  pushes  along  to  the  gulf  an  addi- 
tional amount  of  mud,  which,  added  to  that  floated,  would  form  a 
mass  a  mile  scjuare  and  208  feet  deep.  This  amount  removed  an- 
nually from  lh(i  whole  basin  of  the  Mississippi  would  lower  it  1 
foot  in  4,!»*^()  years.  Other  great  rivers  accomplish  equal  or 
greater  results.  Tiie  Ganges  lowers  its  basin  by  erosion  1  foot  in 
J,SRO  years. 

The  river  sediments  which  find  their  way  to  the  sea  are  widely 
disp(»rsed  over  its  bottom.  The  finer  are  transported  to  greatest 
distances;  the  coarser  are  deposited  nearer  the  shore.  Between 
tiic  remote  distances  and  the  shore  all  grades  of  sediments  are 
laid  down.  If  the  siuliments  have  such  density  as  to  sink  10 
fert  an  hour,  and  the  motion  of  the  water  is  2  miles  an  hour, 
tli<Mi  tlic  sediuKMit  would  float  200  miles  before  settling  1,000  feet. 
Seilimrnts  of  less  fineness  would  float  less  distances.  But  while 
such  suspjMision  occurs  in  fresh  waters,  the  same  sediments  in 
salt  water  would  sink  in  l-ir)th  the  time.  Hence,  as  a  fact,  marine 
sediments  would  bii  deposited  along  a  shore  belt  comparatively 
narrow,  did  not  the  agitation  of  the  water  near  the  surface  pro- 
lonii*  the  ])t'riod  of  suspension  of  a  portion  of  the  sediments. 

liiver  sediments  also,  at  time  of  overflow,  are  more  or  less 
widely  spread  over  the  adjoining  flood  plain.  Thus  alluvial  de- 
posits are  formed,  which  fill  to  a  greater  or  less  extent  the  rock- 
hottoined  valley  occupied  by  the  river  (Fig.  210).     In  this  Qxxt^ff 


Fh..  '210.— Ski'Tion  Ackosh  a  Terraced  River  Vallet. 

is  the  level  of  the  alluvial  ])lain  at  a  certain  time.  If  subse- 
(piently  the  amount  of  water  diminishes,  d  c  c'  becomes  the  level 
of  the  alluvial  })lain.     By  a  further  diminution,  the  flood  plain  is 
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lowered  to  b  a  a*  b'.  These  steps  in  the  alluvial  slope  are  i^r- 
raceSj  due  to  different  stages  of  the  water.  Sometimes  two  ter- 
races occur  on  one  side  as  the  equivalent  of  a  single  one  on  the 
opposite  side. 

If,  after  a  river  has  become  established  in  its  rocky  bed,  a 
subsidence  takes  place,  sediment  will  accumulate  underneath  the 
channel,  and  the  river,  will  flow  over  a  mud-formed  bed.  This 
has  occurred  with  the  river  whose  valley  section  is  shown  in  the 
diagram.  If  afterward  the  bottom  should  be  elevated,  the  mud 
would  be  scoured  out. 

The  bar  so  commonly  formed  across  the  mouths  of  great 
rivers  results  from  the  sediment  pushed  into  the  sea.  The  devel- 
opment of  the  bar  causes  the  extension  of  the  delta.  The  Mis- 
sissippi bar  advances  338  feet  annually  over  a  width  of  11,500 
feet,  and  the  delta  has  grown  into  a  deep  indentation  in  the  shore 
line  of  the  gulf.  The  whole  area  taken  by  the  delta  from  the 
gulf  is  12,300  square  miles.  This  illustrates  the  nature  of  the 
work' performed  by  the  great  rivers. 

2.  Oceanic  Action.  (1)  Ocean  Currents,  These  currents 
exert  important  agency  in  transporting  any  sediments  which  they 
float.  The  fine  floating  sediments  of  the  Mississippi  are  borne 
hundreds  of  miles,  and  even  to  the  Straits  of  Florida.  The  tur- 
bid water  of  the  Amazons  is  traceable  northward  a  very  great 
distance.  Generally  these  currents  flow  far  from  land,  and  con- 
tribute little  to  the  process  of  erosion. 

The  bottom  of  the  Atlantic,  along  the  Arctic  belt,  reaching 
southward  to  a  point  60  miles  beyond  Nantucket,  is  covered  by 
a  coarse  gravel  or  sand;  that  of  the  great  depths  by  a  sticky 
mud.  Under  the  Gulf  Stream  the  bottom  is  of  sand,  of  so  fine 
a  grain  that  the  grains  can  only  be  distinguished  under  a  micro- 
scope. Mixed  with  it  are  masses  of  minute  shells.  The  two 
form  a  bed  as  level  and  hard  as  a  floor.  Bowlders  are  occasion- 
ally found,  dropped,  probably,  from  cakes  of  ice  floating  from 
shore. 

(2)  Wave  Action,  The  waves  reach  the  shore  and  exert  a 
vast  mechanical  agency.     Not  only  is  the  power  great,  but  its 
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exertion  is  incessant.  The  highest  waves  are  only  about  43 
feet  above  the  bottom  of  the  trough  between  them;  but  the 
for('(^  witli  which  they  sometimes  strike  a  solid  resistance  is  two 
or  three  tons  to  the  square  foot.  Such  force  —  or  even  the 
on  11  nary  wave  force  during  a  winter  (2,000  pounds  per  square 
foot)  —exerted  on  an  ordinary  beach,  must  cause  its  rapid  disin- 
tegration. Accordingly  we  learn  that  whole  towns  have  been 
urulorniined,  and  many  solid  acres  distributed  over  the  ocean's 
bottom.  Tidal  ^Vaves  along  shore  act  with  similar  energy.  In 
straits,  small  bays,  and  estuaries,  the  rise  of  the  tide  sometimes 
amounts  to  *20,  30,  or  50  feet,  and  it  sweeps  along  with  destruc- 
tive force.  Tlie  hore  of  the  Hoogley  (a  mouth  of  the  Ganges) 
and  the  ^tlroroco  of  the  Amazons  are  famous.  In  the  Bay  of 
Fundy  the  rise  of  the  spring  tides  is  sometimes  60  feet.  Under 
the  action  of  the  waves,  large  continental  areas  have  in  times 
past  been  wasted;  straits  like  Behring  and  Gibraltar  have  been 
cut;  coiniections  of  land  and  water  have  been  modified;  climates 
have  been  changed,  faunas  and  floras  exterminated  and  replaced 
by  others.  Shore  action,  indeed,  has  been  largely  instrumental  in 
that  wastage  of  continental  masses  which  is  believed,  in  some 
cases,  to  have  resulted  in  their  total  disappearance. 

'5.  Action  of  Ice.  The  freezing  of  water  held  in  the  pores 
of  rocks  and  minerals  is  a  very  powerful  disintegrating  agency. 
Fine  aluminous  limestones  just  from  the  quarry,  when  exposed 
t(^  the  action  of  a  winter's  frost,  split  into  many  pieces.  Sand- 
stones and  granites  crumble  to  sand.  Crevices  are  pried  asunder, 
and  the  most  stubborn  fjuartzites  are  slowly  reduced  to  frag- 
ments. 

Flonthiij  Fee  in  rivers  acts  as  an  efficient  agent  of  corrasion. 
Ft  carries  also,  in  some  cases,  large  volumes  of  sediment,  and  dis- 
tributes setMls  along  the  valley  of  the  stream. 

In  the  form  of  Glaciers,  ice  seems  to  have  performed  impor- 
tant work  in  ages  past;  and  our  small  modern  glaciers  probably 
typify  the  modes  of  action  of  the  ancient  ones.  A  Glacier  is  a 
sheet  of  ice  resting  in  a  mountain  valley.  It  resulted  from  accu- 
nnilations  of  snow  for  vears,  unmelted  bv  the  summer's  warmth. 
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The  glaoier  stretches  upward  into  the  region  of  perpetual  snow. 
Fig,  211  IB  a  view  of  a  couple  of  modern  Alpine  glaciers,  dea 
Bossons  at  the  left  and  Taccounay  on  the  right,  with  Mont  Blanc, 
the  highest  summit,  in  the  centre.  The  glacier  moves  continually 
downward,  and  would  encroacli  on  the  cultivated  fields  if  the  ice 
were  Dot  melted  away  at  the  foot.  The  Glacier  des  Bossons 
transported  the  bodies  of  the  victims  of  an  avalanche  37,500  feet 
in  forty-one  years,  or  about  670  feet  a  year.     The  Great  Glacier 


of  Alaska  moves  a.  quarter  of  a  mile  per  annum,  or  twice  as 
rapidly  as  Bossons,  Many  rocky  fragments  roll  down  on  the 
glacier  from  the  adjoining  slopes.  These,  at  last,  are  landed  at 
the  foot  of  the  glacier,  and  there  accumulate  a  terminal  moraine, 
which  is  shown  in  the  figure.  A  lattrut  moraine  is  accumulated, 
also,  along  each  border.  These  unstratilied  accumulations  of 
worn  and  rounded  stones  remind  us  of  the  bowlders  in  the  ordi- 
nary Drift;  and  these  moraines  look  like  some  of  the  Drift  iiills 


(Fi-. 


Hi.) 
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■  Nortliern  States.  (Fig.  5.)  The  Alpine  mo- 
iiro    destitute    of    all    traces    of    stratilication. 

k:  glaciers  by  their  motion  leave  scratches  on 
'W  siirfiices  identical  in  appearance  with  tlmso 
rock  tliroughont  the  Nortiiorn  States.  One  of 
teii  si)rfaci>s  is  shown  iti  the  adjoining  out,  Fig. 

that  the  most  llhitv  inatcriaU  have  yielded  to 
aa  ;,ro     ed  tl  e  a      e  t  ruck  surfaces 

(re     la    1    s  compielel    co  ered  by  a  modem 


Bi      d      Cr>  e    d  \n!U  In  FIgo  fi 


ilip>  ip-hiciiitecl  surfaoo  "vt-r  (mrt  of  North  America.  It  is 
iii'r'iviilili!  ihjit  without  anj'  f[reat  severity  of  cold,  an  ice 
I  Miif^ht  heroine  permanent  as  far  south  as  Chicago  and 


<V> 


Cihiriirs  ixiTt  powerful  c-roaivi!  action  through  the  instntmen-- 
tulitv  of  the  Haiiil  nn<l  jiebhles  frozen  into  the  bottom  or  prcHod 
l.rlw.M-ri  the  ice  and  the  rock.  Where  the  glacier  is  1,000  feet 
thii'k,  iis  pressure  on  iho  underlying  rock  is  -liSTO  ponnds  to  the 
sijiLiin'  loot.  (Corroborative  evidence  of  the  great  grinding  effi- 
cir.iii'v  of  iiiaoiors  is  furnished  by  th«  stream  of  densely  turbid 
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irater  which  issues  at  the  foot.  The  stream  wliich  drains  the  Aar 
^Iftoier  brings  down  280  tons  per  day,  and  the  Justedal  glacier  of 
Norway  wears  down  G0,000  cubic  metres  of   rock  annually. 

A  glacier  mass  reaching  the  sea,  protru<les  into  it,  is  buoyed 
np  by  it,  and  finally  broken  off.  The  detached  fragnient  then 
floats  away  aa  an  iceberg,  bearing  with  it  mud  and  other  d&6rit 
from  its  northern  home.  The  icebergs  in  the  North  Atlantic 
originate  on  the  west  coast  of  Greenland. 


4.  AsBortment  of  Marine  Sediments.    ^Vat(-^  and  ice 

*re  thus  agents  fur  the  creation  and  transportation  of  sediments, 
and  their  delivery  in  the  aea.  Borne  by  tides  and  currents,  their 
unequal  rates  of  deposition  result  in  a  complete  ussortment  of  the 
materials.  At  all  times  the  sf^dimt'iit  is  coarser  near  the  shore, 
fXtd  grows  finer  with  dislaiice.  On  this  point  Darwin  has  fur- 
nished some  sp(?ci(ic  data,  obtained  between  Santa  Cruz  and  the 
Falkland  Islands,  on  gradation  in  size  of  transported  i 
These  are  cited  bflow: 
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MiUt  from  Depth  in 

Shore.  Fathonu,  (htmm$t§  €f 

2  to  4       .     .    11  to  12    .     .     .    Ftobbles  siie  oC  walntoto  $xA  malWr.  '^ 

Do.  sixe  of  haiel  nuts. 
.8  to  .4  inch  in  diiuneter. 
.2  inch  in  diameter. 
.1  inch  in  diftmeter  Co  fine  humL 


4  to  7         .     .     17  to  19 
10  to  1 1       .      .     28  to  25 


12  ..     80  to  40 

22  to  150     .      .     45  to  65 


At  any  point,  however,  the  coarseness  of  the  deposit  depends 
on  the  rate  of  movement  of  the  water.  Should  any  oause  inoreaM- 
at  any  place  the  transporting  power  of  the  water,  ooaraer  sedi- 
ments would  be  dropped  at  this  place,  and  the  finer  wolild  be 
carried  beyond.  So  the  same  spot  would  receive  i.  graduated 
succession  of  sedimentary  sheets.  We  should  have  there,  in 
such  case,  a  real  cycle  of  sedimentation.  This  would  be  k^peeted 
as  many  times  as  the  range  of  variation  in  the  transporting  power 
of  the  water  should  be  repeated.  Hence,  probably,  the  oyole  in 
tlu>  succession  of  rocky  strata  described  on  page  268. 

g  8.    Agency  of  the  Atmoaphere'. 

1.    Wear  by  Wind-borne  Sandg.     The      ly  i 

phoric  action  important  to  consider  here  is  its  tra 
sands.     Incidental  to  the  movement  of  blown  sai       is 
inf/  and  loearing  which  result  from  the  impinging 
particles  against  hard  surfaces.     Quartzose  bowk       , 
more  other  rocks,  become  polished  all  over  their  exp 
the  actions  extending  equally  to  the  bottoms  of  the 
in  the  originally  irregular  surface.     This  effect  11  ob 

along  the  sand-covered  eastern  border  of   Lake        ol  ,  \ 

particularly  on  the  sand-strewn  plateau  slope  stre     ling 
from  Sleeping  Bear  in  Leelanau  county.     In  the  pass  of  i 
nardino,  California,  the  granite  is  scratched  like  *a 
face  (W.  P.  Blake).     Very  marked  effects  have 
from  the  Gila,  Amargosa,  and  Colorado  deserts  by  New 
Ciilbert.    On  Cape  Cod  the  driven  sands  even      ind  i       e 
the  window  panes.     In  the  arts,  steam«dri^ 
etching  and  carving. 
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2.  Sand  Dunes.  These  are  banks  or  hills  of  dry  sand 
piled  up  by  the  wind.  In  the  temperate  zone  the  prevailing 
direction  of  the  wind  is  westerly;  hence  the  drifted  sands  have  a 
resultant  eastward  movement,  and  thus  they  continue  to  travel, 
burying  lands  and  houses  and  highways  in  their  course.  Along 
the  eastern  shores  of  our  inland  lakes,  the  sand  which  is  thrown 
up  by  the  waves  is  an  exhaustless  source.  When  dried,  the  wind 
drives  it  inland,  forming  banks  and  hills  thirty  to  over  a  hundred 
feet  high.  At  New  Buffalo,  on  the  eastern  shore  of  Lake  Michi- 
gan, the  dunes  measure  93  feet  in  height,  and  at  Grand  Haven 
they  are  215  feet  on  the  north  side  of  Grand  River  and  205 
feet  on  the  south  side.  The  track  and  station  buildings  of  the 
Detroit  and  Milwaukee  Railway,  originally  built  on  the  north 
side,  were  so  persistently  encroached  on  by  the  sands  that  they 
were  removed  to  the  opposite  side.  At  Sleeping  Bear,  the  sands 
are  drifting  over  a  promontory  500  feet  high.  From  the  summit 
a  wide  waste  of  sand  spreads  over  several  square  miles.  Here 
and  at  Grand  Haven,  the  singular  spectacle  is  presented  of  a 
dead  forest  protruding  its  tree  tops  a  few  feet  above  the  surface 
of  the  deluge  of  sand. 

The  dunes  of  England  and  the  northern  coasts  of  France, 
Denmark,  and  Russia  have,  in  past  times,  made  serious  encroach- 
ments on  human  improvements.  They  have  been  the  study  of 
agriculturists  and  of  scientific  commissions,  and  at  present  a 
large  degree  of  control  is  exercised  over  them. 

We  see  no  limit  to  the  amount  of  sand  which  might  thus  be 
drifted,  nor  to  the  distance  over  which  it  might  travel.  Von 
Richthofen  maintains  that  the  great  loess  deposits  of  China  are 
mere  beds  of  fine  sand  blown  perhaps  from  the  Mongolian  desert; 
and  Pumpelly  inclines  to  accept  a  similar  origin  for  the  similar 
loess  beds  of  the  valleys  of  the  Mississippi,  Missouri,  Des  Moines, 
and  other  rivers.  Others,  however,  think  them  of  fiuviatile 
origin.  If  of  scolian,  or  wind-borne,  origin,  some  adequate 
source  of  supply  must  be  pointed  out.  King  has  suggested  that 
this  may  have  been  in  the  arid  regions  of  the  Cordilleras,  where 
trains  of  dunes  are  still  moving  eastward,  and  must  have  moved 
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in  much  greater  abundance  during  the  secular  dry  period  of  the 
Quaternary  Age. 

3.    Transportation  of  Volcanic  Ashes.     The  atmos- 

pliere  exerts  a  similar  agency  in  the  transportation  of  volcanic 
"  ashes,"  as  already  stated  in  connection  with  the  phenomena  of 
volcanoes  (See  Study  XXIII).  Dust  from  other  sources,  and 
even  dust  probably  of  cosmic  origin,  appears  to  be  borne  and 
sustained  in  the  atmosphere  almost  indefinitely,  destined  at  last 
to  be  brought  down  by  precipitations  of  rain  and  snow.  We 
present  here  grains  of  magnetic  iron  appearing  to  have  been 
fused —  probably  the  dust  of  a  volatilized  meteor. 


9U  ^^ 


915 


21b 

Fir.a.  "214,  21.'),  2l<).— CouruscLKs  or  Maonktic  Ikon  Believed  to  be  of  Cosmic  Obiciiv. 
X  500.     iTiesundier.) 

2i4_Froiii  the  snow  of  Mont  Blanc  at  the  height  of  2710  metres. 
•215— Collected  from  rain  water  at  Salnte  Marie  du  Mont. 
216  -From  the  du3t  collected  in  the  unfrequented  towers  of  Notre  Dame,  Paris. 

^  3.     Agency  of  Heat. 

In  Studies  XXII,  XXIII,  and  XXIV  numerous  geological 
facts  have  been  brought  to  view  which  point  to  the  agency  of 
heat.  The  phenomena  of  thermal  springs,  volcanoes,  and  ancient 
lavas  are  most  naturally  explained  on  the  theory  of  a  high  inter- 
nal temperature.  The  actual  increase  of  heat  experienced  as  we 
penetrate  the  earth  is  direct  evidence  that  a  high  temperature 
prevails  oenerally  within  one  or  two  hundred  miles  of  the  earth'n 
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•urfaoe.  As  this  interior  heat  is  constantly  escaping,  there  either 
must  be  some  existing  source  of  supply,  or  else,  in  ages  past,  we 
l^ave  ground  to  argue,  a  much  higher  temperature  has  existed 
within,  and  consequently  has  transmitted  a  much  higher  degree 
pf  thermal  energy  to  the  terrestrial  surface.  Probably  both 
i^ternatives  represent  the  facts. 

If  the  earth  is  conceived  as  a  cooling  body,  we  must  seek  for 
the  records  of  the  action  of  heat  at  a  former  high  temperature. 
These  records  would  reveal  (1)  The  consequences  of  the  direct 
action  of  heat,  and  (2)  The  consequences  of  the  slow  abatement 
of  the  heat  —  especially  the  contraction  incident  to  cooling. 

1.    Geological  Besults  of  Former  High  Temi>era- 

tore.  (1.)  A  Primitive  Molten  State,  If  the  primitive  tem- 
perature of  the  earth  was  such  as  to  reduce  the  entire  globe  to  a 
state  of  fusion,  then  there  was  at  some  time  a  first  crust  —  b,  fire- 
formed  crust.  On  this  the  stratified  sediments  must  eventually 
have  accumulated.  Later  sediments  we  know  accumulated  in 
later  ages,  until  we  have  in  modern  times  a  measured  thickness 
of  more  than  a  hundred  thousand  feet  of  solid  rocks.  But 
these,  according  to  modern  views,  are  all  of  sedimentary  origin, 
except  an  insignificant  amount  of  erupted  and  intrusive  rocks. 
What  has  become  of  the  fire-formed  crust  ?  Can  we  expect  ever 
to  uncover  it  or  penetrate  to  it  as  a  fact  of  observation  ?  M'e 
are  persuaded  it  has  long  since  disappeared. 

If  ocean  sediments  accumulated  on  the  fire-formed  crust,  the 
first  effect  was  to  thicken  the  envelope  within  which  the  earth's 
internal  heat  was  imprisoned.  The  previous  thickness  of  the 
(fire-formed)  crust  was  such  as  was  demanded  by  the  internal 
temperature  and  the  thermal  conducting  power  of  the  materials. 
With  the  sediments  added,  there  was  an  excess  of  thickness,  and 
the  heat  within  would  re-fuse  the  under  layer  of  the  igneous 
crust.  So,  much  of  it  would  disappear.  The  addition  of  further 
sediments  would  cause  the  loss  of  further  portions  from  the  under 
surface.  This  process  would  continue.  At  length  the  entire 
igneous  crust  would  have  disappeared,  the  molten  central  mass 
becoming  inclosed  by  rocks  which  had  been  sea  sediments.     Nor 
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lliis  th(i  end.  The  process  of  eatiiif;  «way  from  the  under  side' 
Hilcl  cdTitiiiuc  even  to  the  disappearance  of  tlie  older  portions 
tlie  HodiiiU'iitary  crust.  How  much  of  the  sedimentarj'  crust 
<v  thus  hHvi;  disappeared  it  is  iiiipossible  to  ascertain.  The 
ivest  slrjita  rver  oliaerved  are  probal)l_v  in  position  far  above  the 
K^st  ever  formed.  '  Wc  are  quite  at  liberty  to  assume  any  such- 
iiippearaiii'i-  iiS  ohlest  formed  strala  as  facts  of  observation  may 


is  nth.- 
the  yh 


■."■PSK  of  subterfusion  of  primitive  portions  of  the  cruat 
s''  ex]iressrd  us  an  ascent  of  the  isogeothermal  planes — 
:  f)f  ei|ii:d  temperature  wilhiii  the  crust.  The  process  is 
y  illuvlniled  bv  Fip;.  217.  The  line  <•  c'  represents  the 
■  Ih"  son.  oTi  which  sediments  are  accumulating.     Evi- 

isliny.  In  nliicli  refiTence  will  bo  made,  that  a  load  of 

cnu.scs  siibsirlence  of   the  bottom,  wc   may  for  con- 

nssiiMie  tlijit  the  subsidence  equals  the  filling:,  and  th* 

rnrnaiiis  fixed.      Then  let  /"  r,  or  c'   r' ,  represent  the 
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constant  thickness  determined  by  the  thermal  conductivity  of  the 
crust  materials.  A,  on  the  left,  represents  a  section  of  the  fire- 
formed  crust,  and  M,  a  portion  of  the  underlying  molten  matter. 
Then,  as  the  successive  additions,  B,  C,  D,  of  sedimentary  matter 
are  made,  successive  portions  A',  A',  of  the  fire-formed  crust  will, 
be  melted  off.  The  total  re-fused  at  successive  intervals  is  shown 
at  A',  A',  A';  while,  in  the  last  case,  a  portion,  B',  of  the  sedi- 
mentary bed  B  has  also  disappeared. 

It  will  be  vain,  therefore,  to  expect  to  see  any  of  the  primitive 
earth  crust.  It  is  equally  vain  to  pretend  that  its  non-discovery 
is  any  proof  of  its  non-existence  at  the  beginning  of  incrustation. 

(2)  Origin  of  Erupted  Material,  With  this  conception  of 
a  molten  interior,  it  is  easy  to  understand  the  origin  of  ancient 
or  modern  molten  matter.  In  another  connection  we  shall 
endeavor  to  point  out  the  causes  of  its  ascent  to  the  surface.  It 
seems  probable,  also,  that  the  frequency  of  the  outflows  would 
be  greatest  in  early  tinies,  when  the  crust  was  thinnest,  and  the 
progress  of  cooling  most  rapid. 

(3)  Agency  of  Steam  in  Eruptive  Action.  Some  force  act- 
itig  upward  with  great  energy  reveals  its  existence  in  the  eruption 
of  thermal  waters  and  volcanic  cjecta.  While  steam  may  exert 
the  eruptive  force  in  the  case  of  geysers,  and  to  a  collateral 
extent  in  volcanoes,  there  are  reasons  for  believing  that  steam  is 
not  an  adequate  explanation  of  volcanic  or  seismic  action.  The 
presence  of  water  beneath  volcanoes  is  evinced  not  only  by  the 
usual  abundance  of  steam,  and  the  occasional  volumes  of  mud 
thrown  out,  but  also  by  the  escape  of  the  various  constituents  of 
sea  water,  such  as  chlorine,  sulphurous  acid,  sulphur,  common 
salt,  iodine,  and  bromine.  Some  connection  with  the  sea  is 
implied,  also,  in  the  arrangement  of  lines  of  volcanic  vents  around 
the  shores  of  the  continents.  The  percolation  of  water  to  the 
deep,  heated  interior  would  ])roduce  results  which  are  quite 
intelligible;  and  it  is  quite  probable  that  some  eruptions  originate 
in  this  way.  But  the  copious  fissure  outflows  of  geologic  times 
must  be  otherwise  explained. 

(4)  Meta morphism.     During  the  ascent  of  the  lower  isogeo- 
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thermal  planes  into  and  through  the  sedimentary  bed%  ai  abow 
explained,  the  latter  were  subjected  to  the  inteinse  action  of  heat. 
This  action  grew  more  and  more  intense  in  any  particoliur  one  of 
the  older  beds,  until  it  was  reached  by  the  plane  of  fusing  tem- 
perature, when,  of  course,  it  became  meiged  in  the  general 
molten  mass.  With  the  heat  was  also  all  the  water  which  could 
percolate  through  the  rooks.  If,  at  a  sufficient  depth,  the  water 
was  converted  to  steam,  and  driven  toward  the  surface,  it  must 
be  remembered  that  deep-seated  water  was  subjected  to  enor- 
mous pressure,  and  retained  its  fluid  state  to  a  temperature  fsr 
above  212°  Fahr.  Without  doubt,  much  of  the  water  satqratinf 
the  deep  rocks  had  a  temperature  of  300^  to  800°.  «  Here,  then» 
were  the  conditions  of  intense  chemical  action,  and  of  other 
important  molecular  changes.  The  experiments  of  Danbr6a  an^ 
others  show  that  under  such  conditions  rocks  become  softena^. 
and  plastic,  the  molecules  of  matter  enter  into  new  arrangement^ 
and  out  of  the  same  stuff  very  different  minerals  and  rook  massaa 
come  into  existence.  Thus,  earthy  shales  become  slates,  Cft  ereii 
mica-schists;  limestones  become  marbles.  The  lines  of  sedimeii- 
tation  become  obliterated,  ahd  traces  of  foeinb'^iiappear.  TUa 
result,  in  the  aggregate,  is  metamarphunn. 

Its  progress  may  be  traced  in  the  changes  of  the  m 
stituents  of  the  rock.     The  molecules  which,  for  i  e,  n 

so  arranged  as  to  constitute  a  crystal  of  augite,  rei 
selves  so  as  to  form  the  mineral  hornblende.     The  p      a  or  i 
old   crystal   remains  —  a  mould,  having  the  ciystall        1 
augite  —  but  the  mould  is  now  filled  ¥nth  a  substance  wl       , 
free  to  crystallize  by  itself,  would  not  take  the  form  in  w 
has  become  moulded.    It  is  a  pseudomorph.    It  has  the  i 
of  one  mineral,  and  the  form  of  another.     This  hombli     le 
psendomorph  after  migite.     In  a  similar  way,  pyro3  i 

times  altered  to  talc.      So,  also,  the  anhydrous  i 
cates,  chrysolite,  pyroxene,  and  chondrodite,  have  be      I 
found   changed  to  the  hydrous  magnesian  silicate,  a 
Other  cases  are  well  known.     When  the  pseudomi     i 
constituents  of  a  rock  involves  the  chief  mass,  so  tl 
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itself  is  altered,  the  change  is  known  as  paeudomorphic  meta- 
inorphismy  or  metasomatism.  Serpentine  rock  and  the  talcitio 
rock  renssel^rite  arc  examples. 

Regional  Metamorphism  is  that  which  takes  place  over  a 
wide  area  under  some  general  terrestrial  influence  as  just  ex- 
plained. Local  Metam,orphistn  is  caused  by  the  heat  accompa- 
nying the  eruption  of  molten  material  through  a  fissure.  The 
immediate  neighborhood  of  a  dike  is  generally  metamorphosed. 

(5)  ITie  Filling  of  Vei?is.  The  filling  of  true  banded  mineral 
veins  probably  depends  on  the  action  of  heat  and  water.  These 
are  powerful  agents  of  solution.  When  such  solutions  find  their 
way  into  the  cooler  parts  of  a  fissure,  precipitation  begins. 
Layer  after  layer  is  deposited,  probably  at  secular  intervals,  on 
the  fissure  walls.  The  nature  of  the  deposit  must  vary  with  the 
nature  of  the  solution  and  this  will  vary  with  the  source  from 
which  the  solution  proceeds.  When  precipitation  takes  place 
it  will  form  simultaneously  on  the  two  walls  of  the  fissure; 
hence  the  symmetry  of  the  arrangement  (see  Figs.  99  and 
100).  Possibly  some  veins  are  filled  by  a  process  of  sublima- 
ti07i,  under  the  action  of  dry  heat.  Many  dikes  are  undoubt- 
edly filled  with  matter  in  a  state  of  fusion.  But  it  is  worth  while 
to  remember  that  the  action  of  heat  and  water  must  reduce  the 
deep-seated  rocks  on  a  large  scale  to  a  plastic  condition,  and 
that  such  rocks  are  necessarily  subjected  to  enormous  pressure. 
If,  then,  a  fissure  is  opened  to  them  or  through  them,  such  plastic 
substances  must  be  squeezed  in.  Thus,  apparently,  many  granite 
veins  have  originated,  and  perhaps  also,  some  porphyritic  and 
dioritic  veins.  An  injected  material  has  not  therefore,  of  neces- 
sity, a  molten  origin. 

2.  Effects  of  the  Earth's  Cooling.  ( 1)  Lateral  Pressure. 
Heretofore  in  considering  the  phenomena  of  mountains.  Studies 
XXV  and  XXVI,  we  have  discovered  convincing  proofs  of  the 
exertion  of  some  great  lateral  pressure.  On  the  theory  of  a  cool- 
ing and  contracting  globe,  we  find  an  explanation  of  lateral  press- 
ure which,  by  the  majority  of  geologists,  is  held  to  be  the  cause 
of  crustal  wrinkling  and  mountain  development.     It  is,  however, 
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often  objected  that  the  whole  possible  shrinkage  in  the  circum- 
ference of  the  earth  due  to  cooling  from  the  temperature  of  first 
sedimentation  to  the  present,  would  not  be  sufficient  to  yield  the 
surplusairti  worked  into  the  folds  and  plications  which  now  exist 
in  the  crust.  This  objection  acquires  weight  from  the  calcula- 
tions of  Fisher  and  Dutton,  and  from  the  studies  of  Olaypole  on 
the  considerable  amount  of  shortening  supposed  to  have  taken 
place  in  a  section  through  the  Appalachians.  But  it  is  certain 
that  cooling  and  consequent  shrinkage  must  have  developed 
enormous  lateral  pressure,  and  it  is  eminently  probable  that  this 
prossuro  found  relief  in  wrinkles  and  plications.  If  the  amount 
of  sur})lusage  afforded  by  this  means  is  insufficient,  we  shall 
presently  cite  another  source  of  surplusage  which  may  adequately 
supplement  this  one. 

(2)  Evolution  of  Heat.  Knt)rmous  lateral  pressure  resulting 
from  the  earth's  contraction  would  necessarily  produce  more  or 
less  motion  of  the  parts  of  the  crust.  The  motion  would  be  ac- 
companied by  friction,  and  this  would  evolve  very  considerable 
amounts  of  heat.  Mallet  has  shown  that  the  crushing  of  small 
cul)es  of  various  kinds  of  rocks  may  be  made  to  raise  the  temper- 
ature to  the  melting  point.  Much  more  would  the  crushing  press- 
ure resultinjr  from  the  earth's  contraction.  Mallet  and  others 
have  conceived  that  tlie  chief  part  of  the  earth^s  intelnal  heat 
may  have  a  mechanical  origin.  This  suggestion  implies  the  non- 
existence of  a  molten  core,  and,  in  fact,  the  diminution  of  heat 
towanl  the  centre.  But  we  think  that  while  the  crushing  action 
would  (leveloj)  much  heat,  this  cause  is  not  adequate  to  produce 
results  on  such  a  scale  as  the  facts  of  geology  seem  to  require^ 
The  whole  (nirth  has  moved  forward  in  all  its  continental  re- 
gions with  a  harmonious  and  synchronous  development.  This 
would  not  be  unless  all  parts  were  in  physical  sympathy  with 
each  other;  and  we  cannot  well  conceive  a  more  probable  way  in 
Nvhieh  such  sympathy  could  exist  than  through  a  state  of  general 
plasticity  or  fusion. 

(3)  Silsmlc  Results  of  Contnict ion.  Different  parts  of  the 
earth's  crust  must  be  conceived  as  possessing  different  degrees  pf 
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Strength  and  rigidity.  This  would  result  from  different  rock- 
materials,  mixed  in  different  proportions,  differently  metamor- 
phosed, and  eventually  resting  in  different  positions.  A  strain, 
therefore,  under  which  one  part  would  yield,  would  be  resisted 
by  another  part.  The  stress  would  be  accumulated  in  the  most 
rigid  parts.  But  no  rigidity  and  no  materials  could  resist  all 
stresses  resulting  from  the  action  of  the  earth's  mass.  Every 
part  must  finally  yield.  In  proportion  as  the  stress  was  great,  the 
final  shock  must  be  great.  The  shock  is  an  earthquake  move- 
ment. It  transmits  a  tremor  or  vibration  through  the  crust,  and 
this  may  be  felt  to  a  great  distance  from  the  seat  of  the  main 
collapse.  The  frequent  earthquake  tremors,  therefore,  are  in 
part,  merely  the  incidents  of  the  slow  contraction  of  the  earth. 

(4)  Mountain  Making.  The  principal  phenomena  of  moun- 
tains which  theory  must  seek  to  explain  are  as  follows:  (a)  The 
elevation;  (h)  the  folding  and  plication  of  the  strata;  (c)  the 
faulting;  (d)  the  accompanying  heat  and  metamorphism;  {e)  the 
great  thickening  of  the  mountain  strata;  (/')  the  more  f ragmen- 
tal  character  of  the  strata;  {g)  the  elongation  of  the  mountain 
aplift;  (/t)  the  direction  of  the  elongation. 

Much  study  has  been  bestowed  on  the  explanation  of  these 
phenomena,  and  some  principles  have  been  generally  agreed  upon 
which  we  will  here  concisely  state. 

There  must  have  been  always,  since  the  ocean  existed,  a  sys- 
tem of  ocean  currents.  There  must  also  have  been  mineral  material 
held  in  suspension  in  the  sea  water  and  moved  along  with  the 
currents.  There  must  also  have  been  coarser  materials  rolled  and 
pushed  along.  Some  of  this  matter  was  simply  of  chemical  pre- 
cipitation; some  resulted  from  disintegration  of  shells  and  corals; 
but  the  most  bulky  part  was  detrital.  As  soon  as  the  conti- 
nental masses  rose  within  reach  of  the  action  of  the  waves  and 
currents,  mechanical  sediments  existed,  and  these  were  trans- 
ported by  the  currents.  The  currents,  while  originating  in  astro- 
nomical causes,  were  greatly  deflected  and  controlled  by  con- 
tinental shores,  and  even  by  continental  masses  while  yet  in  the 
germ  beneath  sea  level.     Supplies   of  detrital    material    there- 
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fore,  furriishod  from  any  source,  might  be  moved  —  partly  by  flo- 
tation and  j)artly  by  rolling  and  pushing  —  for  great  distances 
al()n<r  the  lino  of  an  ocean  current.  In  the  course  of  ages,  the 
aiMumuilation  of  sediment  along  this  line  would  so  load  the  sea 
hottoni  that  subsidence  would  result.  The  accumulation  pro- 
crcMled  stop  by  step  with  the  subsidence.  Sediments  were  aocu- 
inulatin<r  on  other  parts  of  the  sea  bottom,  but  not  so  copiously, 
nor  in  so  coarsely  fragmental  a  condition;  for  elsewhere  the 
trans{)orting  power  of  the  water  was  less. 

Tlio  downward  protrusion  of  the  sinking  sea  bottom  exposed 
the  deepest  portion  to  the  fusing  and  metamorphic  action  of  the 
internal  heat.  The  seinifusion  and  softening  of  the  deeper  por- 
tion, and  perhaps  the  comparative  freshness  and  unsolidity  of  the 
upper  portion  made  the  line  of  subsidence  a  belt  of  weakness. 
We  are  not  in  this  coiniection  to  conceive  any  actual  consider- 
able downward  protrusion  along  the  sinking  region.  The  prog- 
ress was  slow.  The  j>rotruding  portion  was  progressively  melted 
olV.  A  nearly  uniform  thickness  of  the  crust  was  n\aintained, 
though  jil()n<r  this  synclinal  the  exceptional  condition  of  the  ma- 
terials (l(»veloj)ed  exceptional  lack  of  rigidity. 

Aoeordini>ly,  when  in  the  progress  of  contraction,  accumulated 
strains  became  too  great  for  the  crust  to  withstand,  the  yielding, 
the  disturbance,  the  upfolding  would  take  place  along  the  enfee- 
bled synclinal  —  synclinal  in  its  texture  more  than  in  its  form. 
Here  a  fold  would  rise.  Here  a  mashing  together  of  the  softened 
materials  would  take  place.  Here  the  lateral  pressure  would 
most  plicate  the  plastic  sheets  of  sediments.  Here,  in  this  belt 
of  weakness,  would  be  developed  the  motion  due  to  the  contrac- 
tion that  had  taken  place  oyer  broad  areas  on  either  side.  Here 
the  sea  water  would  find  freest  access,  and  here  the  heat,  most 
readily  transmitted  from  below,  and  most  abundantly  generated 
bv  most  extensive  motion,  would  work  most  extensive  meta- 
morphism. 

Thus  a  great  synclinal  fold  became  mashed  together  and  u|^ 
lifted  into  an  anticlinal  mountain  elevation.  This  was  the  oonl- 
pletioii  of  a  sf/ncHnorium — a  mountain  system  originating  in  a 
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submarine  synclinal.  During  the  severe  ordeal  great  fractures 
must  have  resulted,  and  great  faultings  must  frequently  have 
been  produced.  We  have,  then,  in  this  account,  an  explanation 
which  covers  all  the  demands  of  mountain  phenomena,  except  the 
linear  forms  and  the  direction  of  the  trend;  and  these  we  think 
due  to  other  causes,  to  be  mentioned  in  another  section. 

The  weight  of  the  uplifted  synclinorium  exerted  on  each  side 
an  extraordinary  lateral  pressure.  There  existed,  consequently, 
a  tendency  to  the  uprise  of  other  ridges  parallel  with  the  first. 
When,  in  a  later  age,  the  crust  must  yield  again,  one  or  more 
broad  but  lower  folds  would  rise  alongside  of  the  primitive  uplift. 
Thus,  from  the  central  and  highest  crest  to  the  remotest  parallel 
fold  on  either  side,  and  the  plains  beyond,  a  general  descent  in 
the  extension  of  the  strata  constitutes  a  geanticlinal /  and  the 
meeting  of  two  geanticlinal  slopes  in  the  broad  valley  between 
two  mountain  systems  forms  a  geosyjiclinaL  Mountain  folds 
thus  raised  are  destined  to  be  materially  lowered  in  altitude  and 
ohanged  in  contour  by  the  erosions  of  subsequent  periods. 

g  5.     Geological  Climates. 

1.  Terrestrial  Causes.  (1)  Greater  Heat  and  Greater 
Uniformity  of  Primitive  Climates,  The  progressive  cooling  of 
the  earth  has  resulted,  necessarily,  in  a  progressive  subsidence  of 
the  surface  temperature.  Heat  from  the  sun  and  heat  from  be- 
neath the  crust  are  two  chief  factors  in  terrestrial  climates.  The 
solar  heat  at  any  point  varies  with  the  inclination  of  the  solar 
rays.  The  influence  of  internal  heat  is  the  same  in  all  latitudes 
and  at  all  seasons.  When  the  crust  was  thinner  this  influence 
was  greater,  and  hence  climatic  uniformity  was  greater.  The 
greater  uniformity  extended  through  the  year  and  over  all  lati- 
tudes. When,  therefore,  the  mean  surface  temperature  was 
higher,  it  was  also  more  uniform.  Tropical  climates  prevailed  at 
the  poles  as  well  as  at  the  equator.  This  deduction  is  sustained 
by  the  facts  of  palaeontology, 

(2)  Alleged  Antecedent  Hahitahility  of  Northern  Regions, 
In  the  earth's  cooling  from  a  molten  state  the  diminution  of  sur- 
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fac^o  heat  would  be  nearly  equal  on  all  sides.  But  the  solar  rays 
would  retard  the  surface  cooling  to  a  greater  extent  in  the  equa- 
torial regions  than  in  the  polar.  Consequently,  the  polar  regions 
would  first  attain  a  habitable  temperature.  Chiefly  on  this 
ground  G.  II.  Scribner  has  argued  that  life  began  at  the  pole. 
On  this  and  other  grounds  President  W.  F.  Warren  has  recently 
maintained  that  the  site  of  Paradise  was  at  the  North  Pole.  Ge- 
ology j)()iiits  out  the  fact  that  the  north  polar  regions  were  once 
the  site  of  a  luxuriant  fauna  and  flora;  that  many  organic  types 
appear  to  have  emigrated  from  the  north,  and  that  many  remain- 
ing there  are  degenerate  forms;  and  science  and  tradition  afford 
other  suj)port  for  tliis  startling  doctrine.  We  cannot  yet,  how- 
ever, annouuee  it  as  a  prinei})le  in  geological  history.  It  may 
safely  be  asserted,  however,  that  the  principle  cited  lends  no  sup- 
port to  the  tlieory  that  the  first  representatives  of  our  species 
made  their  adviMit  at  the  polo.  At  the  epoch  of  man's  advent, 
even  if  wc^  iix  it  in  Tertiary  Time,  the  earth's  geological  progress 
was  so  tar  advanced  that  the  polar  climate  had  already  become 
inhospitable;  and  the  location  of  the  Paradise  of  our  first  parents 
at  the  North  Pole  is  an  inadmissible  theory. 

(3)  l^ltunate  Total  Dissipation  of  Terrestrial  Heat,  There 
is  no  store  of  heat  in  the  earth  so  great  as  not  to  be  ultimately 
exliaustcd.  If  the  earth  has  not  already  wasted  its  original  sup- 
ply, the  time  \s'\\\  necessarily  arrive  when  external  sources  must 
furnish  tlie  only  supply.  As  a  fact,  the  present  stage  of  terres- 
trial (iooiinjr  is  so  far  advanced  that  the  thickened  crust  reduces 
to  an  inconsiderable  pittance  all  the  heat  now  reaching  the  sur- 
face from  the  interior.  Our  climates  already  depend  practically 
on  heat  from  the  sun. 

(1)  rit iniate  Kcfi)ictio)t  of  the  Sun.  But  the  sun  itself  is 
cooling,  and  his  destiny  is  just  as  inevitable  as  that  of  the  earth. 
We  cannot,  indeed,  calculate  the  ages  which  must  elapse  before 
the  sun's  Viixht  and  heat  will  cease  to  reach  the  earth.  That  de- 
pends  on  the  sun's  present  temperature  and  the  sun's  mass  and 
densitv.  His  temperature  is  not  accurately  known;  but  from  the 
most   trustworthy  assumptions   it  has  been   calculated  by  New- 
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oombe  that  the  sun  will  be  as  dense  as  the  earth  in  12,000,000 
years.  These  considerations  point  out  an  inevitable  limit  to  the 
present  order  of  things. 

2.   Eztra-Terrestxial  Causes  of  Climates.    Geological 

obfitervation  shows  that  one  or  more  periods  of  extraordinary  cold 
have  passed,  in  the  history  of  the  northern  hemisphere.  Much 
study  has  been  bestowed  on  efforts  to  find  a  cause  for  such  a 
vicissitude.  The  following  suggestions  have  been  made:  (a)  The 
radiating  power  of  the  sun  has  been  less  at  certain  periods;  (b) 
The  earth,  with  the  sun  and  solar  system  have  been  transported 
through  colder  regions  of  space;  (c)  Diminished  absorbent  power 
of  the  atmosphere.  These  causes  would  affect  the  whole  earth 
equally.  The  next  two  (not  indeed  extra-terrestrial)  would  affect 
only  certain  regions:  (d)  A  different  arrangement  of  the  conti- 
nental masses  has  caused  a  different  distribution  of  warm  and 
cold  currents;  (e)  Northern  elevation.  The  following  would 
affect  the  northern  and  southern  hemispheres  alternately:  (/*) 
Variations  in  the  amount  of  obliquity  of  the  earth's  axis  to  the 
plane  of  the  ecliptic;  {g)  The  precession  of  the  equinoxes,  or 
direction  of  the  inclination  of  the  earth's  axis  in  reference  to 
perihelion  and  aphelion;  (h)  The  periodic  increase  in  the  eccen- 
tricity of  the  earth's  orbit.  We  cannot  afford  the  space  even  to 
explain  the  three  astronomical  theories  last  mentioned,  and  the 
others  will  be  at  once  intelligible,  or  may  be  thought  out  by  the 
student. 

§  6.    Tidal  Action  in  the  Earth's  History. 

1.  Definitions.  A  tide,  in  general  terms,  is  the  change 
produced  in  the  form  of  a  body  by  the  attraction  exerted  by 
another  body.  Two  spheres  mutually  attracting  become  mutually 
prolate.  The  form  of  each  is  a  prolate  spheroid,  with  its  longer 
axis  in  the  line  passing  through  the  two  centres  of  gravity.  Th^ 
elevations  of  the  prolate  poles  above  the  mean  surface  are  the 
tides.  The  elevation  of  the  pole  opposite  the  tide-producing 
body  is  the  antitide.  The  tide  results  from  the  fact  that  the 
nearer  side  of  the  tide  bearer  is  more  strongly  attracted  than  the 
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ccntn^;   and  the  aiititide  from  the  fact  that  the  centre  is  more 
stronnflv  attracted  than  the   farther  side.     In  the  annexed  dia- 
gram, the  tidal  attraction  is  supposed 
^'  to  come  from  the  side  a.     Then  a  m 

m     ^\,  is  the  tidal,  and  b  n  the  antitidal  ele- 

vation, c  o  and  d  p  are  the  tidal  de- 
pressions. The  tide  raised  in  the 
ocean  by  the  attractions  of  the  moon 
and  sun  are  well  known.  But  it  is 
not  necessary  that  a  liquid  film 
should  exist.  It  is  not  necessary  that 
^     ^  the   tide- bearing  body  should   be  dis- 

tinctly   plastic.      It    has    been    shown 

Yu.  .>i8.-A  defohmat.ve  Tide.      ^^^^^  ^^  ^^^^^  ^^rth  were  as  rigid  as  glass, 
(^  mis  the  tidal  ckvatioii;  6 /t,      the    nioon's    attraction  would   raise   a 

the  .nti.lidul  elevation;  CO  and        ^j^^    ;,,    j^   t,,ree-fifths   aS    high    aS    the 

d  p  tire  tin-  tidal  depreseions.  ^         ^  ^  »    v    v. 

tide  in  the  water-covered  earth;  and 
if  the  earth  were  all  steel,  the  tide  would  be  still  one-third  as 
hio'h  as  it  is  at  present.  The  whole  earth  then  yields  to  the  lunar 
tidal  attraction.  There  is  no  matter  so  rigid  as  not  to  be  rela- 
tively plastic  and  yielding  in  the  presence  of  the  enormous  forces 
excited  upon  each  other  bv  the  heavenlv  bodies. 

2.     Seismic  Consequences  of  Tidal   Action.    From 

what  has  just  been  stated,  it  appears  that  the  moon's  attraction 
subjects  the  (garth's  crust  to  strains  similar  to  those  resulting  from 
secular  contraction.  The  moon  must,  therefore,  contribute  some- 
thinii;  to  earthquake  phenomena.  There  must,  then,  be  a  connec- 
tion in  times  of  occurrence  between  such  jJienomena  and  the 
phases  of  the  moon.  Accordingly,  it  has  been  shown,  especially 
by  M.  Alexis  Perrey,  that  these  phenomena  are  of  most  frequent 
occurrence  {a)  When  the  moon  is  in  perigee;  (h)  When  the  sun 
und  moon  are  in  conjunction  or  opposition,  thus  uniting  their 
actions;  {c)  When  the  moon  is  near  the  meridian.  It  cannot  be 
said,  however,  that  tidal  agency  in  earthquakes  is  fully  estab- 
lished. 

o.    Tidal  Evolution  of  Heat.     It  will  at  once  occur  to 
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the  student  that  motions  in  the  crust  caused  by  tidal  disturbance 
must  evolve  some  heat,  like  the  motions  resulting  from  contrac- 
tion. But  we  have  not  the  requisite  data  as  yet  for  determining 
whether  or  not  the  heat  generated  in  this  way  is  sufficient  to  ex- 
plain all  the  thermal  phenomena  of  the  earth's  crust,  or  even  any 
important  proportion  of  them.  Here,  however,  are  causes  in 
action,  and  they  must  be  borne  in  mind. 

4.  Tidal  Influence  on  Motions  of  the  Earth  and 

Moon.  (1)  Lagging  of  the  Tide,  If  the  terrestrial  tide  re- 
sponded instantly  to  the  moon's  attraction,  the  summit  of  the  tide 
would  be  always  under  the  moon.  But  owing  to  the  viscosity 
even  of  fluid  substances,  the  tide  lags.  That  is,  the  moon  is 
always  farther  west  than  the  apex  of  the  tide.     In  the  accom- 

I  iO 


Fio.  219.— Illustrating  a  Laogixo  Tide. 

panying  figure,  \i  Q  \%  the  earth's  centre  and  C  the  position  of 
the  moon,  then  the  apex  of  the  lunar  tide  will  be  at  B  instead  of 
A,  That  is,  the  rotation  of  the  earth  being  in  the  direction  of 
the  arrow,  it  will  have  carried  the  point  A\jO  B  while  the  tide  is 
completing  its  rise  after  the  culmination  of  the  moon. 

(2)  Retardation  of  the  Earth^s  Rotation,  Now,  when  the 
earth,  the  tide,  and  the  moon  are  in  the  relative  positions  shown 
in  Fig.  219,  the  moon's  attraction  on  the  tidal  protuberance,  in 
excess  of  its  attraction  on  the  more  remote  antitidal  protuberance 
2>,  tends  to  turn  the  earth  in  a  direction  contrary  to  that  of  its 
actual  rotation.  That  is,  the  earth's  rotation  is  opposed.  The 
length  of  the  day  is  increased.  Calculation  shows  that  the 
amount  of  this  increase  is  quite  appreciable. 

(3)  Diminution  of  the  JEartKs  Ohlateness,     This  is  a  neces- 
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sary  accompaniment  of  diminished  Telomtj  of  lotaticni.  This 
fact  implies  that  the  equatorial  oiroumference  of  the  euth  htm 
diminished,  during  long  seoular  intervals  of  time,  more  than  the 
polar  circumference.  Consequently,  a  greater  lateral  pressure 
has  been  experienced  in  the  latitudinal  (east  and  west)  direotioii 
than  in  the  longitudinal  direction.  This  excess  of  latitudinal 
pressure  would  produce  effects  having  a  meridional  trend;  and 
this  excess  of  equatorial  shrinkage  would  supplement  the  shrink- 
age due  to  general  contraction.  The  surplusage  in  the  length  of 
the  circumference  thus  resulting,  added  to  the  surplusage  result- 
ing from  general  cooling  contraction,  might  afford  all  the  sur- 
plusage wrought  into  the  folds  and  plications  of  the  earth's 
crust,  and  thus  obviate  a  difficulty  in  the  theoxy  of  mountain 
making  stated  on  page  292. 

(4)  Increase  of  the  MooyCb  Distance.  Referring  again  to 
Fig.  219,  we  may  consider  the  reciprocal  action  of  the  tide  ^  on 
tlie  moon's  motion  in  the  orbit  J7X  This  influence  is  plainly 
aceelerative.  But,  if  the  moon's  velocity  is  increased,  its  cen- 
trifugal tendency  is  increased.  It  therefore  recedes  from  the 
earth  and  revolves  in  a  larger  orbit.  These  actions  and  reM^ 
tions  have  existed  as  long  as  the  earth  and  moon  have  existed  as 
separate  bodies.  We  must  therefore  contemplate  a  time  when 
the  moon  was  much  nearer  the  earth  than  at  present,  and 
quently  revolved  with  a  higher  velocity. 

5.    High  Primitive  Tides.     On  these  grounds,  it 
been  suggested  by  Professor  Ball  that  in  early  times — 
during  the  Palaeozoic  ^on  —  the  proximity  of  the  mo 
enormously  high  tides  in  the  oceans,  and  thus  aoce         od 
processes  of  erosion  and  deposition,  and  shortened  o 
ingly  the  time  required  for  the  geological  work  aooompl 
such   increase  of  tidal   action  ever  existed,  the  thick 
coarseness  of  the  strata  would  testify  to  it.  .  But  the  1 
strata  appear  to  have  been  quietly  deposited,  under  oon 
not  very  different  from  those  now  existing.     If  we  03 
observations  back  through  the  Eozoic  formations,  we 
some  evidences  of  superior  energy  in  the  geologio  foroee, 
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such  indications  of  extreme  violence  as  the  suggestion  of  Pro- 
fessor Ball  implies.  Still,  the  reasoning  is  sound,  and  we  are  yet 
at  liberty  to  conclude  that  extreme  tidal  energy  left  its  record  in 
those  primordial  sediments  which  have  been  in  later  times  com- 
pletely melted  away. 

6.    Ingrained  Meridional  Trends  in  the  Earth's 

Orustal  Structure*  Lunar  tides  existed  on  the  earth  while 
it  was  yet  molten.  They  existed  during  the  incrustive  stage,  and 
were  more  considerable  than  at  present  in  proportion  as  the  cube 
of  the  moon's  distance  was  less.  The  superior  density  and 
viscosity  of  the  molten  fluid  would,  however,  detennine  a  lower 
tide  than  if  produced  in  water.  Recurring  again  to  Fig.  219,  it 
is  seen  that  the  moon  tends  to  pull  the  lagging  tide  around 
toward  the  west.  In  a  molten  globe  there  would  be  some  actual 
slipping  westward.  This  would  be  greatest,  on  the  average, 
along  the  equator.  The  effect  of  this  slipping,  on  the  forming 
crust,  would  be  to  impart  a  non-homogeneous  structure.  Lines  of 
structure  running  nearly  north  and  south  would  be  ingrained  in 
the  crust.  So  much  would  result  from  lunar  tidal  action  on  the 
primitive  crust. 

But  the  slow  subsidence  of  the  equatorial  protuberance 
during  the  secular  diminution  of  the  earth's  rotational  velocity, 
would  produce  a  result  of  a  similar  nature.  The  excess  of  lateral 
pressure  in  the  middle  zone  of  the  earth  would  be  analogous  to 
the  action  of  the  moon  on  the  retarded  tide.  Any  results  pro- 
duced would  have  a  meridional  trend.  Meridional  lines  of  struc- 
ture would  determine  meridional  predispositions  to  yield  and 
take  shape,  under  the  action  of  any  causes  affecting  the  perfect 
symmetry  of  the  earth's  surface. 

The  lines  of  meridional  structure  and  predisposition  deter- 
mined by  these  two  causes  were  primordial  features.  Hence,  if 
afterward,  the  secular  cooling  and  contraction  of  the  earth  should 
tend  to  develop  wrinkles  without  determinate  direction,  as 
would  be  the  case,  these  meridional  ingrained  predispositions 
would  give  a  majority  of  them  a  north  and  south  direction.  In 
the  equatorial  zone,  the  excess  of  east  and  west  pressure  would 
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tend  directly  to  produce  meridional  wrinkles.  Thus  we  discover 
causes  why  the  primitive  mountains  assumed  elongated  forms; 
and  why  the  direction  of  the  elongation  was  approximately  north 
and  south. 

r}iis  theory  is  not  claimed  as  one  generally  recognized  among 
<veoIogists.  The  suggestions  are  recent.  But  some  causes 
operated  to  produce  all  the  results  enumerated  on  page  293  as 
mountain  features  to  he  explained  by  a  final  theory,  and  these 
views  are  submitted  as  at  least  plausible  and  deserving  of  study. 

^  7.     Geotechtonic  and  Scenograpliic  Besults. 

Tlie  dynamic  actions  which  have  given  shape  to  the  earth's 
periphery  are  strictly  subjects  of  geological  investigation.  The 
results  are  inseparably  bound  up  with  the  causes.  The  descrip- 
tion of  mountains,  continents,  oceans,  and  other  physiographic 
features  belongs  to  geology.  Such  descriptions  may  be  gathered 
together  under  a  separate  head  and  designated  "physical 
geo<i:ra})hy  ";  but  so  far  physical  geography  is  only  a  branch  of 
geology.  It  is  a  grouping  of  a  certain  class  of  structural  facts; 
but  without  the  attempt  to  interpret  them  and  ascertain  their 
meaning  and  unity.  Physical  geography  should  be  taught  and 
understood  as  an  essential  part  of  geology. 

it  would  b(»  deeply  interesting  to  review  here  the  earth's 
physioaraphic  features,  and  trace  their  connection  with  the 
causes  that  have  been  passed  under  review  in  this  Chapter.  The 
method  of  the  First  Part  of  this  work,  however,  lias  led  us  con- 
tinually to  an  observation  of  these  features  as  the  grounds  and 
sugg(^stions  for  the  principles  there  induced.  For  the  present, 
therefore,  we  shall  pass  on  to  other  branches  of  the  science  which 
deserve  prominent  treatment. 


CHAPTER  IV. 
PROGRESS  OF  TERRESTRIAL  LIFE. 

Definitions.  Each  Age  and  Period  of  the  world's  historj 
has  been  characterized  by  its  special  assemblages  of  animals  and 
plants.  Many  of  the  remains  of  these  have  been  imbedded  in  the 
sediments  of  the  time,  and  have  become  fossilized.  When  we 
examine  to-day  the  rocks  resulting  from  these  sediments,  the  fos- 
sil forms  are  disclosed,  and  serve  as  the  stamp  of  the  age  in  which 
they  were  alive.  Fossils  are,  therefore,  a  most  important  means 
for  the  determination  of  a  formation.  We  shall  not,  in  this 
course,  attempt  to  lead  the  student  far  into  this  subject.  We 
have  shown,  in  Studies  XXX-XXXIV,  something  about  the 
method  of  studying  fossils.  In  this  chapter  we  propose  to  give, 
for  convenient  reference,  an  outline  tabular  exhibit  of  the  clami- 
fication  of  fossils,  and  sketch  some  of  the  most  prominent  fossil 
types  which  have  appeared  and  disappeared  in  the  history  of 
life. 

Fossilization,  A  fossil  is  whatever  reproduces  for  us  any- 
thing of  the  form  or  structure  of  an  organic  being  no  longer 
living.  It  may  be:  (1)  The  real  substance  of  the  organism,  like 
a  shell,  or  bone,  so  recetit  as  to  have  been  little  altered.  (2)  The 
perfect  form  and  structure  of  the  organism,  but  with  the  original 
substance  replaced  by  other  mineral  matter.  This  is  a  true  pet- 
rifactio)!.  The  replacing  mineral  is  commonly  calcite  or  silica; 
som<'times  pi/rites,  or  other  substance.  In  fossil  wood  it  is  fre- 
quently opal,  (.3)  The  fossil  may  be  a  mere  impression  of  the 
exterior  of  the  .organism,  made  originally  in  the  soft  mud  of  the 
sea  bottom.  The  shell,  or  coral,  may  be  completely  removed; 
but,  with  gutta-percha,  putty,  sulphur,  or  plaster,  the  mould  may 
be  filled,  and  the  form  of  the  original  organism  sometimes  very 
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perfectly  restored. .  In  some  oases  the  mould  is  found  filled  with 
stony  matter.  (4)  The  fossil  may  be  a  mere  e€ui  of  the  interior 
of  a  shell  or  other  organism.  The  soft  muddy  or  sandy  filling  of 
the  interior  became  consolidated,  and  afterward  the  organism 
wasted  away.  Such  casts  oft^n  preserve  very  perfectly  the  mus- 
cular scars  or  vaacidar  impressions  on  the  interior  of  a  shelL 

Horizontal  Range  of  Fossils.  This  is  simply  the  geographi- 
cal area  over  which  a  fossil  species  may  be  found.  Some  of  the 
older  species  have  been  discovered  in  many  different  regions  and 
countries.  This  wide  range  becomes  of  great  service  in  identify- 
ing formations  at  remote  points.  The  extent  of  the  horiaontal 
range  depends  on  the  extent  of  the  uniformity  of  physical  condi- 
tions when  the  animals  lived.  Diverse  conditions  at  distant 
points  necessitated  diverse  faunas.  Thus  it  happenSi  sometimesii 
that  equivalent  formations  hold  different  assemblages  of  fhasils 

Vertical  Range  of  Fossils.    This  refers  to  the  occurrence  of 
tlie  same  species,  or  other  type,  in  formations  older  or  newcTi 
throughout  a  certain  vertical  range.     It  implies  that  a  spediea 
survived  changes  in  physical  conditions  which  separated  snoeea 
sivc  periods,  and  which  exterminated  most  of  its  fellows.     It 
implies  that  the  physical  changes  were  not  great>  or  t     A 
species  possessed  great  tenacity  of  life.      Hence  spec 
great  vertical  range  are  generally,  also,  species  of  wide 
ical  distribution.     As  a  rule,  species  are  confined  to  a 
formation.     Sometimes  they  range  vertically  into  one 
higher  formations.     Sometimes,  after  disappearing  tn 
ing  strata  of  changed  constitution,  a  species  reapp       i       i 
high(>r  stratum  formed  under  a  recurrence  of  the  fon    tr  ph; 
conditions.     Its  temporary  disappearance  indicates,  »: 

e.(*fi?ic(ion,  but  migration  to  some  more  congenial  x 

Colonies,  so  called  by  Barrande,  are  in    lents  oi  mig 
of  faunas.     A  colony  is  an  assemblage  of  f(        i  repi 
toristic  of  a  certain  age,  interstratified  in  a  fo  a 

its  own  reputed  characteristic  fossils.    Thus  Bar 
light  in  Bohemia  a  colony  of  Silurian  fossils  8       )  feet 
the  midst  of  a  Cambrian  group.     In  such  case  it  is  e^ 
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the  included  colony  is  not  properly  characteristic  of  a  different 
age.  The  colony,  and  the  fauna  in  which  it  colonized,  were  con- 
temporaneous, but  living  in  different  regions,  separated  by  some 
barrier.  The  removal  of  this  permitted  the  commingling  of  the 
two  populations. 

SECTION    I  — MOST   IMPORTANT   TYPES   OF   PLANTS   AND 

ANIMALS. 

[Numbers  in  parenthesis  refer  to  Figures  in  this  work.] 

L— PLANTS. 

SERIES  I.-^CRYPTOGAMS^ 

STEM  I.  THALLOPHYTES.-Consisting  wholly  of  cellular  tis- 
sue.    Growing  mostly  in  fronds^  or  other  spreading  forms, 
without  proper  steins  or  leaves. 
CLASS  I.   ALGAE.  — Those  living  in  the  sea  are  Thalassophytes  (295) ; 

those  in  fresh  water,  Hydrophytes. 
ORDER  I.   UNICELLULAR  THALLOPHYTES.— Including  Diatomacece,  of 
microscopic  size,  and  having  silicious  shields.     Other  fossil 
Algflp  are  not  thoroughly  classified. 
CLASS  II.    FUNGI. -CLASS  III.   LICHENS. -Not   geologically 

important. 
STEM  II    BRYOPHYTES-(^no^6n5). 
CLASS  I.   MXJSCINiE.- Moss-like. 
ORDER  L  HEPATIOE.— Liverworts.     ORDER  IL  BRYO I DE>E.— Mosses. 
STEM  III.   PTERIDOPHYTES  (^cro^erw).— Vascular  Crypto- 

gams. 
CLASS  I.   FILICACEiE.— Ferns.     The  following  Families  are  recog- 
nized : 
Hymenophffllaeete,  Sphenopteridw,  Pat<Bopterid(B,  Neuropteridm, 
CardioplerldtB ,  AlethopteridcCf  Peeopterid<g,  Tccniopivridct, 
Also,  from  stems  we  have  the  genera  Cautopteria,  Megaphyiumf 
Paaronifis. 
CLASS  II.   BHIZOCABPEiE.— Ilydroptcrids. 
CLASS  III.    CALAMABIEiE. 

Family  1.   SqniBetete.  —  Uorse-tAih.      3,   CaIamf«e<E.— Calamites.     4. 
AnnularUKB.    Anmilariay  Aster ophyllum,  Sphenophyllum. 
CLASS  rV.    LYCOPODIACEiE. 

JFatnily  1.  Lyropodiete.  Psilophyton.  2.  T,epidodendrem.  Lepido- 
dendron,  Llodendron,  Halonin,  4.  Sigillariem,  Sigil- 
laHd,  Stigmaria. 
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SERIES  IL^PHANEROOAMS.^ 

^  STEM  IV.   aYMNOSPERMS.-Seod  not  inclosed. 

ORDER  I.   CYCADACE>t.— Carboniferous  Whitileaeya  and  many  Meso- 

zoic  genera. 
ORDER  II.    CORDAITE/E.— Corrfat76«. 
ORDER  III.  lj£ONIFER>t;}-(i^ines,  Fir?,  etc. 
->l  STEM  V.   ANQIOSPERMS.-Seed  inclosed. 
^    CLASS    I.     MONOCOTYLEDONS.  —  Endogens.      Mostly    parallel- 
veined  leaves. 
--*  CLASS  II.     DICOTYLEDONS. — Exogens.     Netted-veined  leaves. 

n.  —  ANIMALS. 

STEM  I.-^PROTOZOa!^ 

Chiofly  microscopic,  with  no  definite  typical  form,  without  s|)ecialized  organs* 

juid  mostly  with  asexual,  as  well  tis  sexual  reproduction. 
CLASS  I.     MONERA.— Of    completely    homogeneous,    structureless 

protoplasm. 
CLASS  II.    RHIZOPODA.— Body  consisting  chiefly  of  simple  sarcode. 
ORDER  I     FORAMINIFERA  (Polythalamia). —  Having  a  one-chambered 
or  inanv-chainbcrod  shell,  calcareous,  rarelv  sandv,  silicious, 
or  chitinous. 
sm-ORDER  I.    niPERFORATA,—  RecsptaculUes.     IL  PER- 
FORATA.—  Globiyerhiay  NummuliteSy  Orbit  aides,  Fuau- 
Una,  Eozoon.     (220,  222.)  ^ 

ORDER  II.   RADIOLARIA(Polycistina).     III.  LOBOSA.    [Anmbc^  (221.) 

STEM  II.-{CCELENTERATA3 
^  CLASS   I.    SPONGIiE. — (Porifcra.     Amorphozoa.)    Sponges. 
CLASS  II.    ANTHOZOA.     (Polypi.     Zo(>phyta.)     Radiated,  mostly 

with  ;i  calcareous  skeleton,  having  radial  septa.     Skeleton 
known  as  cornl. 
ORDER  I.   ALCYOKARIA.— (Octocoralla.)    With  eight  radial  divisions. 
ORDER  M     ZOANTHARI A.— Having   twelve   or    more  radial  divisions. 
Most  Pahrozoic  corals  belong  here. 
sriU)HI)ER  AXTIPA  77Al/e/.l.— Having  an  internal  horny  axis. 
sr/i-OliDER  .16'77iV.4/2/.'l.— Without  calcareous  skeleton.     Not 

fos>ilizod. 
srii-OlWKR  MADREPORARIA  (Zoantharia  Sclerodermata).— 
Having  a  calcareous  skeleton. 

Group  1.     Tetracoralla  (Ilugosa).— Cup  Corals.     Pour  systems 
or  fascicles  of  .septa.     See  Studies  XXX,  XXXT. 
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JFamily  1.  Inexpleta, — Interseptal  chambers  empty  or  with  feeble 
dissepiments  —  tabulae  and  cellular  contents  wanting. 
Septa  well  developed.  Cyathiform,  simple.  Amplexus 
(114,  115,  118,  119). 

JFafniiy  2.   ^»/>leea.— Tabulae  or  cells  or  both  fill  the  visceral  cavity. 

Sub -Family  Diaphragmatophora. —  Tabulae  complete;  cellular  en- 
dotheca  wanting  or  feebly  developed.  Septa  regularly 
radiate.  Zaphrentis  (112,  113,  117),  Streptelasma  (132- 
124). 

Sub-Fam.  Pleonopuora. — Tabulae  incomplete,  present  only  in  central 
part  of  visceral  cavity;  cellular  tissue  in  peripheral  part. 
CyathophyUum  (116^  120,  121),  Heliophyllum  (130,  132» 
133),  Acervularia  (138,  139),  Diphyphyllum  (141-143)^ 
Lithostrotion  (140;. 

Sub-Fam."  Cystophora.— Whole  interior  filled  with  vesicular  tissue. 
Cystiphyllum  (134-136). 
}/      Group  2.     Hexcu!Oralla. — Septa  mostly  in    multiples    of    six. 
Here  belong  the  "honey-comb"  corals. 

ramily  1,  l^orittdan. —  Compound,  cells  united,  small.  Septa  few, 
mostly  rudimentary.     Walls  perforated. 

Sub-Fam.  Favositix^. —  Massive,  without  coenenchyma.  Cells  long, 
prismatic,  divided  by  numerous  tabulae.  Walls  pierced  by 
numerous  perforations.  Septa  six  or  twelve,  often  reduced 
to  mere  longitudinal  raised  striae  on  the  walls.  Favosites 
(144-149,  152),  Alveolites  (153,  154),  Limaria  (155,  156), 
Cladopora  (157,  158). 
"^  CLASS  in.  HYDBOMEDUSiE  (Hydrozoa).—  Hydras  and  Sea  Net- 
tles. Fixed,  polyp-like,  small,  undivided  by  radial  septa. 
Skeleton  calcareous,  chitinous,  or  wanting. 
ORDER  HYDROIDA  (Hydrophora). 

Family  ««romoeoi>ori«l<e.— [Probably  a  "comprehensive"  tyi)e  unit- 
ing characters  of  Foraminifera,  Sponges,  Hydroida,  and 
Tetracoralla.  Probably  also  Eozodn  belongs  in  near  rela- 
tion] (223-227). 

SUB-ORDER  GRAPTOLITIJDJE, 

STEM  III.-(eCHINODERMATA.^ 

h:iLASS  I.    GBINOIDEA.— Sea  Lilies.     Crinoids.     Supported  by  a 

stem.  Visceral  organs  inclosed  by  calcareous  plates  sym- 
metrical in  form  and  disposition.  Five  to  ten  arms  spring 
from  the  border  of  the  cup,  and  these  are  fringed  with 
pinnules. 
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ORDER  1.    ENCRINOIDEA  (Palc-eocrinoidea)  (233).— Armed  Sea  Lilies. 

Rhizocrinus  (232),  Forhesiocrinus  (234). 
ORDER  II.    CYSTOIDEA.— Cvstids.     Short-stemmed  or  sessile.     Arms 

feebly  developed.     Palflpozoic.     Caryocrinus. 
ORDER  III.    BLASTOIDEA.— Nut    shaped    or    ovaL     armless,     short- 
stemmed.     Cup  of   thirteen  regularly  disposed  principal 
.  l)icces.     Pentremifes. 

^  ,  CLASS  II.    ASTEBOIDE A.  —  Sea  Stars.     Star  Fishes. 
V  CLASS  III.    ECHINOIDEA.— Sea  Urchins. 
V  CLASS  IV.    HOLOTHTJIIOIDEA.— Sea  Cucumbers.    Holothurians. 

STEM  IV.-CCV-ERMES.  J 

The  four  lower  classes  of  Worms  are  scarcely  known  fossil. 
CLASS  ANNELIDA.— With  cylindrical  segmented  botly  and  chitin- 

ous  integument.   Scrpula,  Spirorhisf  Comulites,  Scolithva, 

STEM  v.- MOLLUSC  A. 

DIVISION  A- MOLLUSCOIDEA 
A     CLASS  I.    BRYOZOA  (Polyzoa).—  Colonies    of    small    animals    sur- 
rounded by  a   membranous  or  calcified  integument,  and 
forming  branched   moss -like  or  membranous  com|K>und 
structures.     In  general  aspect  much  resembling  Hydrozoa. 

Sub-Class  I.    Entoprocta. —  No  representatives  fossil. 

Sub-Class  II.    Ectoprocta. 

Family  4.    Feneatellidw. —  FenesteUa,  Pohjpora,  Archimedes. 

Family  />.    Ptilodictyonidw.—Ptilodiciya,  Coscinium. 

Family  10.    Chcctetidce, —  In  masses  resembling  diminutive  Fatosi^ 
tid(Py  but  without  (connecting  pores.     Jlonticulipora. 
NJ    CLASS  II.    BBACHIOFODA  (Palliobranchiata).— Brachiopods. 

Compare  Studies  XXXIII  and  XXXIV. 
ORDER  I.  PLEUROPYGIA.— Hinge     structure     and     arm     supports 
wanting. 

Family  1.    JAtigulido'.—Lingula,  TAnguldla,  Lingulepia,  Glottidia. 

Family  2.    Oboiida^. — OholuSj  OholeUuy  Tremaiis. 

Family  3.    niscinida^.—Disciua,  Orhiculoidea. 

Family  i.    Trimerellldfp. —  MonomereUa,  TrimereUn,  Dhwhohis. 

Family  5.     Craniadcc  —  Crailia. 
ORDER  I!.  APYGIA — Always  calcareous,  with  hinge  .structure.     With 
or  without  arm-supports. 

Family  1.    Product id<c.—Pfoducia,  Clionctes,  Prod^iciella, 

Family  2.  strophomenidie.—Orthis  (1C6,  171),  Streptorhynchus,  Or. 
thisina,  Sfrophotnena  (107,  1(>8,  190,  192),  LeptanOy  Trop- 
idolepfus,  Skenidium,   VttuUna. 
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JFamily  8.    Koninekinidas, — Kmnnckia,     None  American. 
fatnily  4.    apiriferida.— Spin f era  (161,  162,  164,  165,  172,  174), 

Spiriferina,    Cyrtia,    Cyrtina  (170).    Syrtngothyris  (181, 

183),    Sprigera  (179,  180),    Nucleospira,    Meriata,    Meri- 

Stella^  Retzia,  Uncites. 
Family  S.    Atrypidof. — Atrypa    (175-177),     CcBloapira,     Zygoapira 

(178) 
Family  6.    Rhynehonellidof. — Rhynchotiella,      Leiorhynchus,      DU 

merellaj  Camerella,  Peniamerus,  Stricklandia, 
Family  7.    Stringoeephalldte.—Stringocephalus,      None  American. 
Family  8,    Thecideidw. — Thecia,     None  American. 
Family  9.    Terebratulidas.—  Terehratula     (184-186),       Cryptonella, 

Re7h88elcBriaj  MeganteriSf  Centronella  (187,  188). 

-  DIVISION  B.-  MOLLUSCA  Proper. 

V  CLASS  I.    LAMELLIBBANCHIATA  (159,  160).—  Equivalve   Bi- 
valves.    See  Study  XXXIII. 
ORDER  I.    ASIPHONI DA —Mantle  lobes  divided,  siphon  wanting,  pal- 
lial  impression  without  sinus. 
DIVISION  A.    MONOMYARI A.— Only    one    (hinder)    adductor 
muscle.      Ostrea,  Oryphma,  Ezogyra,  Pernopecten,  Avicu- 
lopeden, 
DIVISION  B.    RFTEROMYARIA.—Two    unequal    adductors. 
Cartilage  separated  in  numerous  isolated  pits  or  furrows. 
Avicula.     Pterinea. 
DIVISION  a    ROMOMYARIA.^Two  equal  adductors.     Cyrto- 
donta,  Nuculttj  PalcBo?ieilo,  Schizodus,  Cardinia. 
ORDER  II.  SIPHONIDA. —  Siphon   present;  mantle  lobes  more  or  less 
united. 
Df  VISION  A.    INTEGRIPALLIATA.—P&nial  impression  with- 
out sinus.     Lucinaj    Conocardiuniy    Oypricardinia,    San- 
guinolaria. 
DIVISIONS,    SINUPALLIATA. 

SolenopsiSf    Cardiomorpha,    Fdmondiaj   Allorisma,   San- 
guinoUtes. 
V     GIjASS  II.    GASTBBOPODA    (Glossophora.     Cephalophora).— Uni- 
valves. 
Sub-Class  I.    Scaphopoda. — Tubular,  open  at  both  ends.     Den- 

tedium. 
Sub-Class  m.    Gasteropoda  Proper. 
ORDER  I.  PROSOBRANCHIA.— Gills  anterior  to  the  heart.      Metop- 
tomay  BeUerophorif  Cyclonema,  Holopeay  Platyceraa,  Pla- 
tyostoma,  Loxonema. 
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ORDER  II.   HETEROPODA —Mostly   naked.     Uniraportftm    Jial 

loEically. 

ORDER  III.  OPlSTHOflRANCHIA.— Scarcely  known  us  Pttlaxuoin. 
ORDER  IV.   PULMONATA,— Air-breathing.     Pupa.  Dendropupa. 
Sub-Close  rv.    PterQpoda. — Tenlaeiililen,  Hj/olilhf*.  Conularia. 

J    CL&SS  lU.    CEPHALOPODA  (Ceplialophura)Cephalopods. 

ORDER  TETRABRANCHIATA   (230).— Hnviiig   an    eswrnsi    chainbeml 

b>hi>ll. 

SUB-ORDER  I.    NAUTILOn>EA.—Si>A\     straight,    bcni,    or 

■■oiled.   Sutures  mostly  siinplo  or  slightifslnimt*.  Siplioiitil 

rornets  dircetad  hackwords. 

rimUy  1.    ortftaeet-athiat.- Straight  or  slightly  lioni.     OrthMtrae. 

(335,  237.) 
ramtiy  3.    CvrtoetraHdo}. —  Simply  Iwiit.     Cyrtocerat  (SS8J,  Phrog- 

ramily  4.    Tfatnuidai.—Ooiied  in  a  plane,     Oyroem-oH  (838).  Litu- 

itee,     JVaulUua. 
J^mlly  A.    FrvekeeenMidn.— Colled  in  a  conicsl  spire.    Troehoeeras. 
SUB-ORDJ-m  11.    AMMONOWEA  (340).- Shell  uoiW  variously 

or  straight.     Suture  lina   undnlato,  lobecl   or   folinceous. 

Siphon  cylindrical,  morginaL 
J^mHy  I.    trlymsnidw. —  UmbilicnB  wide.      Siphon   inli-rnal.     Cly- 

Tamiiji  s,   GoniaUtidm.—  Siphon  thick.  Externa).     (iimiatilK, 
A  large  Siil>-(lr(ier,  but  thp  remaining  genera  are  [lost-PaliBOBoic. 

STEM  VI. -(arthropod A^i 

^  CLASS  I.  CRTTSTACEA.  — It«spiratioii  H()uatic.     Exoskuleton  Bhltin- 
oiis  or  siib-ealcareons, 
8ub-01aBS  n,    Oinipedia. — Attached  when  ulult. 
Bub-Claas  IH.    EDtomostroca.— Carapaoo  homy,  composed  of 

ORDER  I,  OSTRACODA  —  Caraimee  of  two  valves,  l^erdiiia, 
Cylhere. 

ORDER  ;X.    PHYLLOCARIOA— Ffict  serving  as  gUla.     Ceratioearii. 

ORDER  X.  TRILOB1TA{231).-Body  mora  or  leas  trilobod.  Cephalic 
sliield  usually  with  a  pair  of  sessile  eyes.  Thorai  with 
movable  segments,  and  caudal  shield  (pygidium)  vith  con* 
Bolidatod  segments.  Faradoxides  (328),  BiMlocephaiiit, 
Phaeopt,  Calymene  (220,  230),  Proelus.  Liehaa.  Acid- 
aapis,  Asaphm,  Illtsn'i'. 
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ORDER  XI.    MEROSTOMATA. 

EurypteruSy  Pterygotus. 
Sub-Class  rv.    Malacostraca. 
GLASS  II.    ARACHNID  A.— Scorpions  and  Spiders. 

ORDER  I     PEDI PALPI. —  Scorpions.     Abdomen  distinctly  segmented. 
ORDER  II.    ARANEIDA.— Spiders.     Head  and  thorax  consolidated. 
CLASS  III.    MYBIAPODA.— Myriapods.     Xylohiua,  Archiulua. 
CLASS  IV.    INSECTA. 


.^ERTEBRATA.  ) 


STEM  Vll.f  VERTEBRATA 


CLASS  I.    PISCES.— Fishes. 
H      ORDER  I     TELEOSTEI.— Common  bony  fishes.     Not  Palaeozoic. 
\f  ORDER  II.    GANOIDEI.—  Endoskeleton  generally  only  partially  ossified, 

Exoskeleton  in  the  form  of  ganoid  scales,  plates,  or  spines. 
Caudal  fin  mostly  unsymmetrical  or  '*  heterocercal ",  but 
sometimes  **homocercal." 
DIVISION  I.    LUPIDOOANOIDEL— Exoskeleton  of  scales  of 
moderate  size.      Endoskeleton  partly  ossified.     PcUceonia- 
cu8y  OnycJwdus  (242),  Lepidosteua  (249-251). 
DIVISION  IL    PLACOOANOIDEI—Read  and  more  or  less  of 
the  body  protected  by  large  ganoid  plates.      CephcUaspis 
(245),  Pterichthys  (244),  Coccosteus  (246),  Bothriolepia  (247), 
ScaphaspiSf  PalceaspiSf  Dinichthya  (241). 
ORDER  III.  ELASMOBRANCHII   (Selachia,    Placoidei).— Sharks,   Rays, 
and  Chimaene.    Skull  and  lower  jaw  well  developed,  but 
no  cranial  bones.     Vertebral  column  cartilaginous.     Exo- 
skeleton placoid,  consisting  of  grains  or  tubercles. 
SUB-ORDER  L  ROLOCEPHALL— Jaws coyeredhy broad pl&tes. 
SUB-ORDER  IL   PLAGIOSTOML— Sh&vks  and  R&js. 

Section  I.    Cestraphori  (243). —  Back  teeth  obtuse.     Acrodus, 

Ofichus. 
Section  II.    Selachii  —  True  Sharks  and  Dog  Fishes. 
Section  III.    Batides, —  Rays  and   Skates.     Body  transversely 
flattened. 
ORDER  IV.    DIPNOI  (Protopteri).—  Notochord  persistent.     Geratodus. 
CLASS  n.    AMPHIBIA.—  Frogs,   Toads,    Salamanders,   Ooecilians, 

and  extinct  Labyrinthodonts. 
ORDER  I.    URODELA(Ichthyomorpha).— Tailed  Amphibians.    Notear- 

lier  than  Permian. 
ORDER  II.    ANOURA  (Batrachia.    Theriomorpha).— Frogs   and  Toads 
or  Tailless  Amphibians.      Not   known  earlier  than  Ter- 
tiarv. 
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4  ORDER  IV.  LABYRINTHODONTA.— All  extinct.  Salamandriform.  Pro- 
tected with  sculptured  bony  plates.  Teeth  with  "laby- 
rinthine "  structure. 

Section  I.  Euglypta. —  Cranial  bones  strongly  sculptured.  Lab- 
yiinthodon. 

.Se(  TioN  VI.  Gaxocephala  (Archegosnuria). — Vertebral  column 
notochordal.  Archegosaurus,  Trimeronicfiis,  Rachitomus, 
Eri/ops,  Amphihamn^. 

Skctiox  X.  Mic'ROSAURiA. —  Ossificatiou  of  limbs  incomplete. 
Dendrerpeton^  IIi/lo?wmu8y  Ilt/lerpeton,  Sauropus, 

( )ther  American  Labyrinthodonts:  TuditajiuSy  Leptophractii&f 
Pel  ion,  BapheteSf  CoUetosaurus^  Dictyocephalua,  Cricotus, 

\       CLASS  III.    BEPTILIA. 

ORDER  1.  CHELONIA.— Turtles  and  Tortoises.     All  post-Palaeozoic. 
ORDER  II.  PLESIOSAURIA    (Sauropterygia).— Head    small   and   neck 

long.     Plesioaaurus  (254),  Nothosaunutf  Sitnoaaurus,  Hio- 

snuruSf  Elasmosaurus  (255),  CimoUosaurm. 
ORDER  III.  LACERTILIA.— Lizards.     Telerpeton,  Centemodon. 
ORDER  IV.  PYTHONOMORPHA(Mososauria).— Body     very    elongate. 

Mososaurnfiy  Leioion^  Ti/losaurit^f  Lestosaurus  (256),  Cli- 

daste^j  all  Cretaceous. 
ORDER  V.  OPHIDIA — Serpents.     PalceophiSf  BoavuSy  LimiwphU, 
ORDER  VI.   ICHTHYOSAURIA  (Ichthyopterygia).— Marine.   Ichthyowtu- 

nis  (252). 
ORDER  VII.  BAPTANODONTA.— Like  7c/i%osaart^,  but  without  teeth. 

Baptanodon  (25t3). 
ORDER  VIII.  CROCODILIA.— Crocodiles,  Alligators,  and  Gavials. 
ORDER  IX.  DICYNODONTIA.—Jaws  beak-like,  resembling  Turtles.    <>u- 

deiiodon  (263),  DicTjnodon  (264). 
ORDER  X.  THERIODONTA.— Dentition  of  carnivorous  type.  Cynodraco 

(2()2),  Lycosaurus  (261). 
ORDER   XI.    PTEROSAURIA.— Flying    Saurians.      Pferodactylus  (265), 

PteranodoUy  Dimorphodon  (266). 
Sub-Class  Dinosauria  (according  to  Marsh). 
ORDER  I.     SAURO  POD  A.— Herbivores.      Premaxillaries    with    teeth. 

Plantigrade. 
Families:    Atlantoaaurldte,  J>iplodoeid<r,  Moroaaurida- , 

ORDER  II.  STEGOSAURIA.— Plated  Lizards.    Herbivorous.    Post-pubic 

prc-^ont. 
JFaniiliea  :    Stegosaurida.' ,  Soelidoaaurido'. 
ORDER  III.  ORNITHOPODA.— Feet  bird-like.     Herbivorous. 

Familiea:     Camptonotida,  Iguanodontida*  (258-280),  Hadromau^ 
ridw  (258). 


f 
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ORDER  IV.  THEROPODA.— Beast-footed.     Carnivorous. 

Fatniliea:    Megaloaauridte,  Iiabroaauridw,  ZanclodontidWf  Atn" 
phiaauridcB. 

Also  Sub-Orders:    Cceluria,  Compsognatha,  Ceratosauria. 
CliASS  IV.    AVES.— Birds. 

Sub-Class  I.    Odontornithes. —  Birds  with  teeth   [according  to 
Marsh]. 
ORDER  I.    ODONTOLC>E.— Teeth  in  grooves,     ^e^peror/m  (269-271). 
ORDER  II.    ODONTOTORM>E.-- Teeth  in  sockets.     Ichthyornis  (268), 

Apaiornia. 
ORDER   III.    SAURUR/E.— Teeth.     Tail  longer  than  body.     Archmop- 
teryx  (267). 
Sub-Class  II.    Batiteo. —  Slernuin  without  a  prominent  keel. 
Sub-Class  III.    Carinateo. —  Sternum    with    a    prominent    keel. 
Ordinary  birds. 
CLASS  V.    MAMMALIA. 

4     Sub-Class  I.    Ornithodelphia  (Monotremata). —  Oviparous. 
*4  Sub-Class  II.   Didelphia  (Marsupialia). — Pouched  Mammals  (272- 

DIVISIONS:  DIPROTODONTIA,  POLYPROTODONTIA, 
V    Sub-Class  III.    Monodelphia  (Eutheria). —  Placental  Mammals. 
ORDER  I.    EDENTATA.    Sub-Orders:  Phytophaga,  Entomophaga^ 
ORDER  II.    SIRENIA.— Manatee  and  Dugong. 
ORDER  III.    CETACE A. —Whales,  Dolphins,  and  Porpoises. 

Families:    Balasnidw,  Catodontidw,  Delphinidte,  Hhynehoeetif 
Zeuglodontid€e, 

SUPER-ORDER  UNGU LATA.— Hoofed  Mammals  [according  to  Marsh].. 

ORDER  I.    HYRACOIDEA. —  No  canines.     Hyracotheriumy  Uyracodon, 

ORDER  II.  PROBOSCIDEA.— Elephantine  Mammals.  ElephaSyMas- 
(odo7i,  Dinoilierium  (289). 

ORDER  III.  AMBLYDACTYLA(Amblypoda,  Cope).— A  theoretical  type 
from  which  diverged  two  sub-orders,  Dixocerata  and  Co- 
RYPHODONTIA,  the  former  with  Ui?iiaiherium  (284,  285), 
Dionceras  (286),  Tinoceras  (2S7) ;  the  latter  with  Corypho^ 
don  (Bathmodon)  (278-280). 

ORDER  IV.    CLINODACTYLA. 

SUB-ORDER  L    MESAXONIA  (Perissodjictyla).— Generally  odd« 
toed. 
Fatniliea:    Rhinoeeridw,  Tapiridas,  l,ymnohyldw,  JBrontother^ 
idee  (288),  Palmotl^ridas,   Maehrauchenidw,  Squidte  (290). 
SrB-ORDER  IL    PARAXONIA    (Artiodactyla).— Mostly    even- 
toed. 
ni  VISION  1.    OMNIVORA,  with  FamiHta:    Jlippopotamidas,  «u- 
idet,      HyopotamiilcPt      Xiphodontidas,      Anoplotheridaip 
Oreodontidna. 
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Divisioy  II.  RUMINANTIA,  with  Famlliea:  Camelidof,  Traau- 
Hdtt',  Cervida',  CafnelopardidiF,  Antilopiduc^  Ovldof, 
liovido'. 

ORDER  TILLODONTIA.— Mohii-susiiiUngulHtes.  Canines.  Plantigrade 

and     pentadactyl.      Un^niifulate?      Families:    Tillother- 
idw  (.281),  Stylinod^ntida'. 

ORDER  TOXODONTIA.— AlliiMl  to  Unj-ulates,  Rodents,  and  Edentates. 

ORDER  CARNIVORA. 

Skction  I.     PiXNHMODiA. —  Soals  and  Walrusos. 

Si;(  Tiox  II.    Plaxtkjhada. —  Beai-s.     Walking  on  whole  length 

of  foot. 
Skction   111.  DKtiTiuRAnA. — Walking    on    the    toes,     iratniliem: 

Muatilida',  Viverrida',  Hyatnida',  Canidw,  Hymnodonti- 

da'f  Felidw. 

ORDER  RODENTIA. —  Gnawing  Mammals.  Familiea:  Lep&riduB,  ia- 
yotnyidcCf  Cavidce,  IIy8tricid(e,Cercolabid<je,OctodontidWt 
(Jhinchillida't  Castorida',  Muridw,  Dipodida?,  MyoaO" 
ida'f  Sciuridce, 

ORDER  CHEIROPTERA  —  Hats.     NydUestes,  Nyctitherium, 

ORDER    INSECTIVORA.— /.'amilfM;    Talpido',  Soricidcr,  Erinareidtp, 

ORDER  QUADRUMANA  — i>/TT.SVOxY  /.    STREPSIRHINA  (Prosi- 

niiju). —  Lemurs.      Families:      Lemuridoi,     Zetnuravidm, 
Litnnotherida'- . 

I)  I  ]  'IISION  IL    PL  A  T\  'RUIN A .  —  Tailed  Monkeys. 
Dl  VISION  III    CA  TA 7?//LVA.— Including  Anthroi)oid  Mon- 
keys. 

.^  2.     Nature  of  the  Succession  of  Organic  Forms. 

The  foregoing  tables  are  a  systematic  exhibit  of  the  larger 
typos  of  plants  and  animals  which  appeared  on  the  earth  in  the 
pi oiiiess  of  g(Mjlogical  time,  and  which  continue,  for  the  greater 
part,  to  (hvrli  in  the  waters  and  upon  the  land,  of  the  modern 
world.  No  Class  of  animals  once  existing  has  totally  disappeared. 
Only  a  very  few  Orders  have  become  extinct  —  and  these  chiefly 
V^ertobrates,  dwellers  on  the  land,  where  the  vicissitudes  of  cli- 
mate and  other  conditions  have  been  most  directly  and  most 
severelv  felt.  Scarcely  a  marine  Order  is  found  extinot.  A 
large  majority  of  the  marine  Families  still  survive. 

Some  further  inferences  of  a  fundamental  character  derived 
from  paheontological  studies  should  be  here  enunciated. 
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1.  The  Succession  of  Or  gallic  Forms  has  been  a  general 
Progress  from  lower  to  higher.  The  lowest  position  in  which 
organic  remains  have  been  found  is  in  the  Laurentian.  We  find 
here  mere  traces  of  organisms  related  apparently  to  some  of  the 
lowest  and  simplest  creatures  now  living.  We  shall  presently 
give  them  a  more  particular  description. 

Searching  through  the  overlying  Huronian  strata,  we  find  no 
certain  evidences  of  the  former  existence  of  life.  But  immedi- 
ately on  entering  the  Cambrian  strata,  such  evidences  are  very 
abundant,  and  they  never  fail  through  all  the  higher  formations. 

Throughout  the  Cambrian,  the  fossil  remains  pertain  exclu- 
sively to  Invertebrates.  During  the  Cambrian  were  introduced 
all  the  leading  Clases  of  Molluscs  now  known.  Also  some  char- 
acteristic Class  types  of  Coelenterata,  Echinodermata  and  Arthro- 
poda.  There  are  also  indications  of  Vermes.  So  all  the  Stems 
or  Subkingdoms  of  animals  now  known,  except  Vertebrates, 
have  been  upon  the  earth  from  Cambrian  times.  But  the  Classes 
were  low;  the  Orders  represented  were  low  in  their  respective 
Classed;  and  the  Families  were  low  in  the  Orders  to  which  they 
belonged.     This  is  a  general  law. 

Before  the  close  of  the  Silurian,  Fishes  existed.  These  are 
the  lowest  Class  of  Vertebrates;  and  the  Orders  represented  were 
low  in  their  Class.  They  were  not  well  defined  and  character- 
istic Fishes.  The  true  Fishes  appeared  in  the  Mesozoio  Ages. 
But  the  Palaeozoic  fishes,  if  we  call  them  such,  became  very  abun- 
dant and  powerful,  and  constituted  what  we  may  style  a  ruling 
dynasty  until  the  approach  of  the  Carboniferous  -^on.  The  Silu- 
rian and  Devonian  fauna  was  thus  a  great  advance  on  that  of 
the  Cambrian. 

The  time  which  had  now  elapsed  was  enormous  beyond  com- 
putation; but  only  marine  animals  had  been  in  existence.  Next, 
in  approaching  and  entering  the  strata  of  Carboniferous  time,  we 
discover  remains  of  Amphibia.  Fishes  still  existed;  but  Am- 
phibia were  the  highest  type;  and  they  attained  such  dimensions, 
were  clad  in  such  armor,  and  ramified  in  genera  and  species  so 
numerous,  that  they  became  strictly  the  dominant  type  in  the 
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animal  world.  This  was  the  easier  beoause  the  hngttst  ol  the. 
armored  fishes  had  mostly  disappeared.  These  air  breathers  in 
adult  life  were  a  further  advance  in  the  grade  of  organisation 
on  the  earth. 

Next  came  the  Class  type  of  Reptiles.  They  expanded  enor* 
mously  during  the  Mesozoio  ^on.  The  Fishes  and  Amphibians 
became  subordinate.  This  was  a  reign  of  Reptiles.  Toward  the 
close  of  the  Mesozoio,  Birds  began  to  appear  —  first,  with  long 
reptilian  tails  and  toothed  jaws;  then  with  toothed  jaws  and 
shortened  tails;  then  under  the  typical  forma  of  Birds  —  iSolAai^ 
Oursores,  or  Running  Birds  first,  and  Carinatc^  or  Perofaibg  an4 
Flying  Birds  next.  So  here  was  further  exemplified  thepiinoiple 
of  progress  which  had  been  operative  from  the  beginning. 

Next,  coming  to  the  study  of  Tertiary  strata,  we  disoover  the 
remains  of  many  Mammals.  They  had  begun  already  to  exist  ill 
a  feeble  way,  as  far  back  as  the  Jurassic  Age  <— probably  eariior. 
But  here  they  became  dominant.  They  were  not  only  the  highest 
in  rank;  they  attained,  in  many  cases,  gigantic  dimensions,  an^L 
were  provided  with  formidable  means  of  offence.  They  were  the 
fauna  1  characteristic  of  the  Tertiary. 

Lastly,  after  all  the  foregoing   histories  had       en  eni 
man  came  on  the  scene.     He  is  the  last  term  of  a  h 

2.    lliG  earlier  representatives  of  Class  and  Or      \ak  ^ 
were  generally  Comprehensive,     The  individual  anii 
characteristic  example  of  its  Order  or  Family,  bat  nni 
some  characters  of  other  orders  and  families — 
eral  orders  or  families.     The  associated  characters  wc«e  to  be 
iirated  in  later  time,  and  organized  in  an  ordinal  or         ily  t] 
or  even  a  class  type,  more  clearly  defined.     Thus  the  <      I] 
retained  some  of  the  plated  characteristics  of  Cn       Q^        , 
perhaps  more  important  afiinities  with  certain  Ti      aates^ao^^ 
some  characteristics  which  later  were  to  belong  to 
and  Reptiles.     Amphibians  breathed  like  I       es  wh<      jro 
like  Reptiles  when  adult.     They  were,  and       ll :  (^  *  ^ 

preheiisive  type."     The  Reptiles,  when  they  i     ived,  < 
with  [proper  reptilian  characters,  some  others  whioh  were< 
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—  as  if  inherited  from  the  fishes.  The  earliest  birds,  in  their 
teeth  and  long  vertebrated  tails,  still  clung  to  characteristics  of 
a  dynasty  passed  away,  and  were  also  a  comprehensive  type.  The 
same  principle  is  strikingly  exemplified  in  the  whole  Tertiary 
history  of  the  Mammals.     It  was  a  law  in  the  succession  of  life. 

Thus,  we  must  not  conceive  successive  types  of  organization 
as  separated  from  each  other  by  sharp  and  fixed  lines.  They  rise 
into  prominence  like  waves  of  the  sea,  blending  on  their  borders 
with  contiguous  developments  of  organization,  and  then  gradu- 
ally sinking  again,  in  give  place  to  another  swell  in  the  ocean  of 
life. 

3.  The  graduation  in  the  organic  succession  ie  7iot  complete^ 
so  far  as  known.  Here  we  must  first  announce  the  fact,  and 
then  append  a  reflection.  The  "missing  links"  or  "gaps"  in 
the  organic  succession  are  facts  of  importance.  Let  us  enumer- 
ate some  of  them:  (1)  Between  Eozo'On^  the  first  known  animal, 
and  the  Cambrian  forms,  next  known.  (2)  Between  Cambrian 
Invertebrates  and  Silurian  Fishes.  (3)  Between  Fishes  and  Am- 
phibians. (4)  Between  Mammals  and  older  Vertebrates.  (5) 
Between  Man  and  lower  Mammalia.  To  these  some  persons  add 
(6)  Between  Inorganic  Matter  and  Eozo'On.  (7)  Between  Un- 
intelligent organization  and  Intelligence. 

Our  first  knowledge  of  a  type  j)resents  it  under  a  somewhat 
complete  development.  Our  contemplation  of  the  succession  of 
dominant  types  reveals  a  series  of  high  wave  crests,  which  give 
the  impression  of  sharply  distinct  advents  of  organic  types  into 
existence.  Hence  the  revelation  of  "gaps"  is,  at  first  view,  a 
glaring  fact. 

But  when  wo  consider  the  facts  of  palaeontological  history  a 
little  more  closely,  wo  discover:  (1)  Even  if  the  actual  graduation 
wore  originally  coniplote,  we  could  expect  to  acquire  only  a  broken 
knowledge  of  it,  hocause  (^/)  only  a  small  fraction  of  the  earth's 
surface  has  boon  explored  for  fossils,  or  ever  can  be;  {h)  in  no 
locality  have  tlie  rocks  been  completely  investigated;  (c)  if  all 
the  rocks  everywhere  were  completely  investigated,  we  could  not 
expect  to  discover  a  complete  record  of  past  life,  since  the  greater 


31?^  GKOLOUICAL   STU'DIEB. 

part  of  tlic  forms  once  living  have  totally  perished.  Hence,  miss- 
ing links,  even  if  irrecoverable,  signify  little  as  a  ground  for  infer- 
ence. Tliey  simply  demonstrate  g'aps  in  our  knowledge.  (S)  A 
closor  study  shows  that  the  supposed  gaps  are  not  so  wide  as  im- 
agineil.  The  so  oilled  Silurian  Fishes  reveal  graduations  down- 
ward toivarii  Crustaceans  and  Tunicalea,  and  upward  toward 
Ampiiiliiitiis.  So  of  all  the  great  salient  types.  They  are  all 
"  emu  pre  he  naive ";  aiid  the  characteristic  of  a  comprehensive 
type  is  to  blond  to  some  extent  with  neighboring  types.  (3)  The 
daily  progress  of  discovery  brings  to  view  types  which  fit  into 
the  existing  gaps.  Tijo  gaps  are  becoming  filled  up.  There  are 
already  long  lines  of  sui^cession  where  thi'  graduation  from  lower 


In  liiglici-  is  as  gentle  smd  fomplelL  is  touhl  be  demanded  to  sup- 
port an  extreme  inference.  Tht  tenor  of  progress  foreshadows 
the  coni]ilete  closing  up  of  the  gaps  It  shows,  at  least,  that 
they  w.iuld  iir.iliably  be  filleil  it  wl  could  recover  the  complete 
rernrd.  It  seems  1"  be  more  rational  in  this  dn\  to  anticipate 
tlii.s  resuli  ihjin  lo  attribute  high  signihcance  to  defects  in  our 
knowledge  ivliieh  to-morrow  may  no  longer  exist.  We  may, 
therefore,  reason  from  the  chain  of  organic  being,  as  if  no  links 

,^  3.     The  Dawti  Animal. 

W'c  will  now  glance  more  particularly  at  some  of  the  domi- 
nant tyj>e8  of  organization.  In  doing  this,  the  Student  should 
make  fre(|iieiit  reference  to  the  table  of  classification  in  the  seo- 
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ond  section  of  thta  chapter.  First  of  all  was  Eozodn.  The  ra- 
maina  of  its  o&lcareouB  skeleton  have  been  found  far  down  in  the 
Laureiitian  System,  in  a.  great  bed  of  crystalline  limestone.  When 
exposed  on  the  weathered  surface  of  the  rock  it  appears  formed 
of  numerous  bent  or  undulate  layers  parallel  with  each  other,  as 
shown  in  Fig,  320.  These  layers,  in  most  cases,  consist  alter- 
nately of  serpentine  and  calcium  carbonate.  When  a  thin  cross 
section  is  made  and  highly  magnified,  we 
a  minute  structure  bearing  considerable  i 
Foraminifera.  We  should  wander  too  fai 
of  explanation,  and  must  be  c 
generally  regarded  foraminiferal  ii 


3  enabled  to  detect 
:mblance  to  certain 
>  enter  into  details 

;nl  with  stating  that  .EozoOn  is 

n  its  affinities. 


We  may,  then,  give  some  account  of  its  structure  and  mode 
of  life.  At  the  beginning  of  its  growth  it  consisted  of  a  small 
mass  of  gelatinous  substance  spread  on  some  support  in  the  bot- 
tom of  the  sea.  It  probably  resembled  the  well  knc 
living  in  modem  fresh 
waters,  of  which  one  is 
represented  in  Fig.  221. 
This  is  a  minute  speck 
of  gelatinous  matter  con- 
taining granules,  a  nu- 
cleus, n,  and  a  contractile 
vesicle,  cv.  Extensions 
from  the  mass  of  the  ani- 
mal's body,  called  pseu- 
dopodid,  are  capable  of 
complete  withdrawal, 
and  fusion  in  the  com- 
mon mass.  Other  pseu- 
dopodia  may  be  extended 
at  the  animal's  pleasure. 
This  minute  creature, 
without  permanent  mem- 
bers, without  stomach  or 
other   organs,    possesses 
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'  (.  JSl  imata  P  oleut  (After  LeWy  K  Lit 
mo  Repbese^tatite  of  the  Oldest  Annuls 
n  uacleua  i:  t  conlracl  Ic  e*lcle  o  poslcrloc 
portion  n  a  contracted  stale  c  c  tn-o  pucado- 
pods  cloB  ng  STODad  an  InCtisorl.  □  OocAtfrun) 
d  dialonu  wltbin  the  animal  A  partlc  cb  of  uir 
ilnet.  MagniaedlOOdlumelersln  thenppeiBpetl' 
muu,  aud  IS  la  Ibe  lover.    Found  frrqncntlj  Is 
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all  tho  essentials  of  animal  life.     It  hnngan  utd  issda;  it  li^b 
and  moves;    it  is  Belf-conacious  and  seeka  to  aatiify  ito  WKnte 
This  is  nearly  tho  aimplest  form  of  organization  ImowQ.     (Sae  - 
page  30G.)     It  stands  as  a  ropresentatiTo  of  tfa«  oldest  tjpe  <rf 
animal  existence. 

But  the  iirst  animal  found  its  home  in  the  Bbonaj  aas.  It 
must  bo  sheltered  from  the  violenoe  which  raged  aroond  it.  A 
thin,  shelly  covering  was  seoreted  over  it.  Thia  wm  peifonted 
by  innumerable  minute  tubuli,  and  by  some  laiger  porei^  and  wei 
supported  at  intervals  by  oaloareoua  pillan.  Over  tfaia  ahell  wm 
built  a  thicker  and  coarser  oovering,  known  as  the  tufipiemtiUaff 
skeleto7i.  This  was  perforated,  by  braaohing  eanata,  tlmmgb 
which  the  gelatinous  matter  found  ita  way  to  the  ext«i<w.  Hera 
new  pseudopods  were  extended,  and  new  gelatiuons  matter  wm 
outs[>rcad,  and  a  new  roof  was  built,  supported,  like  the  fiiet,  by 
s  stuny  pillars.  This  process  was  ropcateil  again  and 
in,  and  tiiu  mass  grew  indefinitely.  The  accompanying  dia- 
gram is  intended  to 
illustrate  the  mode  of 
growth  Just  described. 
Orniiiiisins  of  this  sort 
won-  probaiily  planted 
in  innumentUn  plnccs 
along  certain  favorable 
tracts  of  8oa  bottom. 
Inlheprognssot  their 
growth  many  coalusood 
togethpr,  and  onor- 
mouB  leef-Iiko  masses 
came,  in  llif  course  of 
of  agi^s,  into  cxistenoe. 
n^m'X^reT-r'^  Arouiid  thoiw  tlie  aed- 
iroonts  gathered,  And 
oil  tlinl  reiiiaiiiod  of 
Eiizoou   wii-i   buriwl 
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i>r  rlllTenmt  l;iycn,  and  by  c,  a  eyelam  of  canila. 
tliousarKk  of  feet  in  rock-forming  mud. 
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But,  though  EozoOn  disappeared  from  existence,  the  type  to 
vhich  it  belonged  survived.  In 
the  Cambrian  we  have  long  known 
a  form  represented  iti  Fig.  223, 
and  called  Stromatocerium  rugo- 
»uii).  This,  in  external  aspect, 
resembles  J^ozooti,  but  its  zoologi- 
cal affinities  remain  somewhat  in 
question. 

It  will  be  interesting  to  trace 
the  last  named  type  a  littld  fur- 
ther. It  is  the  type  of  the  ,'^lro- 
matoporidw.  In  Fig.  'Z2i  is  a 
view  of  another  Stronmtoporoid. 
The  typical  Stromatopora,  when 
cut  through,  is  seen  to  consist  F 
(Fig.  225)  of  a  larg,-  number  of 
concentric  laniiMn>,  soparftted  by 
Tory  thin  intervals,  and  connected  by 
from  iaminu  to  lamina.  This  is  a  si 
tflroiiiatupvrii.  Sometimes  the  pillars  be- 
come more  or  less  obscure  (Fig.  22G) ;  some- 
times they  disappear;  sometimes  the  lumi- 
nti>  are  all  raised  at  intervals  into  little 
eminences,  shown  in  Figs.  224  and  227; 
eomotimc;i  small,  radial,  sinuous,  tiud 
branching  canals  diverge  frtwi  one  or  more 
perforations  in  these  eminences  (Fig.  227); 
and  by  these  and  similar  variations,  we 
find  eslablisl.ed  a  number  of  generic  dis-  ^""'""'•^ 
tinctions.  S/romattiecriiiiH  is  a  genus  without  pillars,  and  having 
all  the  lamlniu  pierced  by  small  holes.  Tlircc  genera,  iStromatO' 
porn,  Vo'iiostruiiia,  and  Idiostromn,  arc  extremely  abundant  in 
the  Devonian  limestone  of  Little  Traverse  Bay,  Michigan.  The 
first  is  small,  from  the  size  of  a  hickory  nut  to  that  of  one's  fist. 
Tlie  second  grows  in  huge  dome-shaped  masses,  some  of  which 


lumerablc  pillars  passiug 
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■Ive  feet  across,  and  recall  the  reef- 
like bulk  of  long  extinct  Eozo6n. 
The  third  genus  is  an  enormous 
tangled  mass  of  branching  stems, 
each  a  third  of  an  inch  in  diame- 
ter, and  having  a  true  stromatopo- 
roid  Btructure.  Stroma toporoida 
ara  widely  distributed  through  tha 
Devonian,  and  they  are  also  com- 
mon in  the  Silurian.  Their  near- 
est afGiiitics  are  yet  undecided. 
They  have  by  different  authorities 
been  referred  to  the  Foraminifera, 
the   Sponges,  the    Anthozoa,  the 

Probably  they  must  be  considered 
types  (described  on  page  316),  which 
ly  to  any  reeogiiized  position 


'\'\\f  i\\>f  i.f  Fiiraniinifcra,  iif  i-  ad  the  S  roma 

H)j)orc)i(ls  cDmbinoil  some  of  the  ha  a  rs  (eatu  es  became 
in  l.itcT  tinii's,  eompletoly  eliminated,  and  underwent,  during 
.Moso/oic  and  Cicnozuic  times,  a  remai^able  divereifioatioQ.  It 
survivi'K  to-(lny  in  ;i  large  number  of  representatives. 

Ko/oiin  [.Uyeil  the  first  role  in  the  drama  of  life.  It  was  tll« 
grntt  liiiii'-si'cTcting  and  reef-building  agent  of  the  earlv  ages  of 
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the  world.     Later,  this  function  was  assumed  by  organisms  of 
another  and  higher  class. 

§4.      TrUobitea. 

At  the  very  opening  of  tiie  Cambrian  Age,  Trilobites  were 
present.  Their  advent  and  reign  form  a  striking  feature  in  the 
bistory  of  life.  Some  of  their  forms  arc  shown  in  Figs.  228-230. 
They  were  Arthropoda,  holding  a   position   low   in  the   Class 


Fia.    S30.~S*HB    , 


('rustacea.  The  body  was  distinctly  trilobed.  The  anterior  por- 
tion constituted  a  cephalic  shield,  usually  bearing  a  pair  of  sea- 
sile  compound  eyes,  with  a  raised,  often  lobod  (Fig.  2S9)  central 
part,  known  as  glabella.'  The  number  of  thoracic  segments  waa 
very  variable.  The  abdominal  segments  were  firmly  united,  and 
formed  a  caudal  shield.  Fig.  231  is  a  diagram  showing  the  prin- 
cipal parts  of  a  Trilobite,  as  seen  from  above. 


OEOLOlttCA. 


ported  c 


Sumo  of  the  lowest  Cambrian  strata 
are  crowded  with  the  fragments  of  these 
articulates.  They  continued  abundant 
during  the  Silurian;  (liminished  during 
the  Devonian,  and  became  extinct  dur- 
ing tj  e  Carboniferous,  Their  nearest 
liMng  representative  is  the  King  Crab 
{Lnuttlus)  of  our  eastern  coast,  the 
embrjo  of  whicli  presents  a  strikingly 
tr  lobitic  aspect, 

A    IlPAD      I.  £\Iornal  Kurdi^r  uf  Ibe  Ltmb,    2.  Hit. 

i.  nal  Furrow,    g,  Occlptlal  Ring.    4.  Olabella.    ^ 

Orcut  SDtare,  pafviag  in  rront  ut  ifav  GlHbrlla,  sod 

I    1  <*  ihacular  Sutllro.    0,  Flxvd  CliPek,  KmnlDg  (long 

I    bi    a  S     b.  Mnvafalr  Clieck.    i/,  Qcnsl  Point. 

r    Ad   •Spgnipnl  or  IliR  Thnrai.    S.  Rib  of  raeb  Seg- 

]f  A    f     10,  ConllTiMutioii  or  the  Btb«. 

^  S      Crinoide. 

rinoid  curisisls  i.f  Jo(/i/  and  (imi»,  sup- 
»ten>,  which  is  generally  rooted  in 
no  soil.  It  presents  the  appear- 
tree,  and  lience  is  embraced  in 
the  group  formerly  known  its  zouphytea  (Fig. 
'i'A'i).  The  parts  mentioned  are  composed  of 
calcium  carbonate,  and  each  consists  of  a  num- 
i)er  of  pieces  nicely  fitted  together.  The  stem 
is  ji  pile  of  circular  or  pentagonal  discs,  with  k 
ci'Litral  canal  c.ttending  the  whole  length.  Tho 
(■lAhjr,  or  elf/),  consists  of  regularly  shaped  plates 
fitted  by  their  edges.  The  arms,  five  in  number, 
are  rangns  of  discoid,  or  imperfeclly  cylindrical 
pio.ces,  in  one  or  tno  series,  joined  by  their  flal- 
lened  surfaces,  but  not,  like  the  stem,  perforated 
for  a  canal.  The  arms  gi'nerally  bifurcate  near 
the  base,  and  afterward  again.    From  one  or  both 
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sides  of  each  arm  generally  spring  pinnulse,  constructed  like 
the  arms,  but  smaller.  Over  the  calyx,  in  the  extinct  spe- 
cies, is  generally  built,  of  nicely  fittiDg  pistes,  a  dome  bearing  the 
passages  to  and  from  the  interior.  Sometimes  one  of  these  opens 
at  the  apex  of  a  proboscis  which  rises  from  the  dome.  The  plates 
of  the  calyx  are  often  elegantly 
furrowed  or  sculptured.  Their 
forms,  number  and  arrangement 
are  shown  in  Fig.  233,  which 
represents  the  plates  of  a  calyx 
spread  out  horizontally.  They 
are  grouped  as  Basal,  Radial, 
Interradiul,  and  Azygos  plates. 
The  basal,  b,  b,  b,  consist  gen- 
erally of  a  cycle  of  three  plates 
resting  on  the  top  of  (be  stem. 
Frequently,  however,  there  are 
two  cycles  of  basals.  Whether 
of  one  or  two  cycles,  the  bssals  Fio.  tas.- 
are  surmounted  by  five  series  of 
radials,  r.  Each  series  consists 
of  the  primary,  secondary,  and 
(sometimes)  ternary,  radiala 
(r\  r',  r').  Between  the  radi- 
als  are  inlerradials  (i',  i",  i"), 
which  generally  exist  in  two  c 
number  between  each  two  serle 
called  the  azygos  inlerradius,  \ 
{a',  «',  etc.).  It  will  be  seen  tl 
fully  exeniplitied  in  this  arrangemi 
azygos  side  through  the  centre  of  the  opp< 
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r  niore  cycles,  having  a.  definite 
3  of  radials,  except  on  one  side, 
here  the  number  is  much  greater 
at  the  principle  of  bilaterality  is 
ue  drawn  from  the 
radial  series  divides 
the  structure  into  right  and  left  parts,  perfectly  symmetrical  with 
each  other. 

These  elaborately  constituted  organisms  were  in  existence  in 
the  Cambrian  Age.  The  type  underwent  expansion  in  number 
and  elaborateness  through  the  Silurian,  continued  through  the 
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Devonian,  and  attained  its  greatest  de- 
1  elopmeiit  in  the  Lower  Carboniferous. 
Certain  genera  lived  tliroujrh  the  Meso- 
7olc,  l)ut  the  type  at  the  beginning  of 
the  Tertian  was  nearly  extinct.  Till 
recenth,  but  one  living  species  was 
knonn  Now,  however,  a  number  of 
additional  species  have  been  dredged, 
mostly  from  the  Gulf  Stream,  off  the 
coasts  of  Florida  and  Scandinavia,  the 
late  Challcngor  Report  enumerating  six 
genera  and  thirty-two  species.  It  is  a 
very  remarkable  circumstance  that 
among  the  genera  represented  is  Jikiz- 
oc'rimis.  Fig.  232,  which  began  its 
existence  in  the  Cambrian  Age.  In  the 
cold  depths  of  the  ocean,  changes  of 
conditions  are  slight,  and  slow.  We 
modern  conditions  have  persisted  substantially 
"dal  life. 

§6.     Chambered  Bhells. 

AtiotluT  "f  the  conspicuous  typos  of  organization  of  which 
the  elemiTilary  student  should  have  some  knowledge  is  that  of 
Tetrabrun'chiatc  Cepli'alopods.  These  molluscs  secreted  an  ex- 
ternal calcareous  shell,  in  form  a  hollow,  tapering  cone,  straight 
nr  bent,  anil  divided  at  intervals  by  transverse  partitions  called 
x'l'i'i.  Tlie  intervening  spaces  are  chambers,  and  the  last  one  is 
neeiipied  liy  tile  animal,  as  shown  in  cut,  Fig.  335.  The  animal  — 
I"  jud^f-  from  the  N'mitiliM,  the  only  living  genus  —  was  fur- 
nislii'il  wiili  niany  flexible  prehensile  tentacle*,  or  arms,  well 
develo|iL'd  oyes,  a  pair  of  horny  maiidiNes,  two  pairs  of  plume- 
like ;jills,  ii  J'liiiiie/,  for  expulsion  of  respired  water,  and  a  si' 
p/ii/iir/i-.  i;onsiKliii;j  of  a  membranous  or  calcareous  tube,  which 
reiii'hed  from  llie  posterior  part  of  the  body  through  all  the  septa 
and  chandlers.     The  siphunole,  in  some  families,  passed  through 
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the  centre  of  the  shell,  or  near  it;  in  others  it  was  closely  mar- 
ginal on  one  side  or  the  other  {dorsal  or  ventral).  See  the 
upper  row  of  outlines  in  Fig.  236. 


Fig.  S86.— Rbstobation  of  an  OHhoceras  —  a  Straight,  Chambbbed  Shell  or  Palje- 
ozoio  Time,    a,  arms;  /,  fnnnel;  e^  chamber;  «,  siphnncle. 

The  septum  was  sometimes  simply  concave,  as  at  e;  and  in 
this  case  the  siphuncle  was  central,  or  sub-central.  Sometimes 
the  suture,  or  line  of  junction  with  the  shell,  was  broadly  undu- 
late, and  the  siphuncle  was  on  the  inner  side,  as  at  d.  Some- 
times, with  siphuncle  close  to  the  outer  margin,  the  suture  was 


Fio.  386.— Position  op  Siphuncle  and  Form  of  Septa  in  Various  Tetrabranchiate 
Cephalopods.  The  upper  row  of  flgares  represents  transverse  sections  of  the  shells ; 
the  lower  row  the  edges  of  the  septa,  a,  a,  AmmonUes;  b,  &,  CeratUea;  c,  c,  Oonia- 
titfs :  d,  (I,  Clymenia  ;  tf,  e,  NatUUue,  or  Orthoceras. 

simply  lobed  (curved  or  angulate),  as  at  c ;  or,  with  the  lobe 
denticulated^  as  at  b  ;  or,  with  the  lobes  lohulate  and  denticulate 
(often  called /b//a<6(/),  as  at  a. 

The  five  different  styles  represent  degrees  of  complication. 
According,  therefore,  to  the  method  of  nature  (page  315),  the 
simplest  styles  are  the  more  ancient,  and  began  to  exist  in  the 


1 
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Cambrian.  In  the  Cambian  and  Silurian  the  type  underwent  its 
greatest  development,  though  it  still  survives  in  HTmUihia.  The 
angulated  septum  belongs  to  the  Devonian;  the  lobed  septum^  to 
the  Carboniferous,  though  it  began  in  the  Devonian;  the  dentiou* 
late-Iobed  septum  characterizes  the  Triassio,  and  the  foliated 
septum  is  known  only  in  the  middle  and  later  Mesozoia 
^  Again,  these  chambered  shells  exhibit  all  degreee  of  enrol* 
ment,  from  straight  to  closely  coiled.  These  variations  inay  bo 
advantageously  set  forth  by  means  of  the  soheme  on  the  follow- 
ing page.  Here  we  have,  first,  an  analysis  of  the' form,  and  op-^ 
posite  this,  in  two  columns,  the  names  of  generm  posaeasing  the 
several  forms.  In  the  first  column  are  generic  names  of  UTauiil- 
oidea,  and  in  the  next  names  of  Ammanoidea.  The  names  of 
Nautiloidea  which  stand  a  little  indented  are  of  the  type  having 
a  contracted  aperture;  and  the  names  of  Ammonoidea  whioh 
stand  a  little  indented  are  of  the  CercsUieB  type^  having  tho 
lobes  denticulated.  We  witness  in  this  table  an  interesting  ez» 
einplification  of  nature's  tendency  to  permutation  of  ohaiaotei% 
or  repetitions  of  characters  of  second  order  under  each  of  tha 
characters  of  first  order. 

The  Tetrabranchs  are  divided  into  Niautihidea  and  J  ^ 

noidea,  the  former  having  the  suture  simple  and  the  8iphun< 
central  or  sub-central;  and  the  latter  having  the  suture  lo 
foliated,  and  the  siphunde  mostly  close  on  the  veQ        (<  \ 

margin.     Of  the  Nautiloidea  the  three  most  impo  fi 

are  the  Orthoceraf  idcB^  having  the  shell  straight  (I  I 

the   Ci/rtoceratidcBy   having  the  rapidly  tapering  i  8     i 

bent  (Fig.  238),  and  the  NautUidcB^  having  the  shell  ooilea 
a  plane  (Fig.  239).     The  Orthoceratidm  underwent  an  03 
dinary  development  during  the  Cambrian  and  Silurian —  i* 

times  attaining  a  length  of  fifteen  feet — and  were  i 
during  the  Devonian.     During  all  the  Carbonifero 
on  the  wane,  and  are  not  known  later,  except  as  a  1 
nient  in  the  Trias.     The  NautUidm  appeared  at  the 
of   the  Silurian,  became  plentiful  in  the  Cart>onif( 
genus  N'autihis  still  survives. 
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The  Aiiinioiioiden  were  mostlj    Mesozoic,  and    undertrent 
rctiiiirk;ili]<>  il<!Vt;ln[>ii)eiit  in  respect  to  dn ersifi cation  and  nun 


/iiKiii'I'i,  \Mtli  internal    (doisal) 
atisulateil  sutiirs 

The  Go- 

portaiit.  They  had  a 
cilnsely  ventral  (exter- 
nal) Miphuiiule,  and  a 
suture  line  bent  into 
liilifti  and  Miiii/fint  (for- 
u-niil  ])ointin{f  and  back- 
wniil  pointing  lohes). 
Th<-y  made  their  advent 
ill  tlie  Devonian  and  be- 
importnnf  type 
in     the     Carbon  if eroua. 
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"^  g  7.  FUhM. 
The  earliest  vertebrates  were  fiah-like,  and  we  conmioiily 
group  them  with  Fishes;  but  probably,  if  their  characters  were 
completely  known,  we  should  feel  constrained  to  establisli  one  or 
more  separate  classes  for  their  recoptioii.  'I^leostki,  or  ordi- 
nary fishes,  Jiave  the  skeleton  completely  ossified;  but  sturgeons 
and  sharks  have  an  imperfectly  ossified  skeleton.  The  earliest 
fishes  appear  to  be  somewhat  allied  to  these,  and  they  are  com- 
monly arranged  under  two  orders:  Ganoirei,  having  the  exo- 
nkeletoii  (or  bony  developments  of  the  surface)  in  the  ganoid 
scales,  plates  or  spines,  and  Elasmobranchii,  including  Sharks, 
Rays,  and  Chima=rfe,  having  the  exoskeleton  jdacoid — consist- 
ing of  grains  or  tubercles.     The  Ganoidei  are  subdivided  into 


Lepidoganoids  (scale-covered)  and  Plaeoganoids  (plate- bearing). 
The  last  embrace  the  Sturgeons,  which  are  modern,  and  the  Pla- 
coderms,  which  are  one  of  the  oldest  types  of  fishes.  Until  lately 
the  oldest  known  American  fishes  were  Devonian,  though  a  Silu-  . 
rian  fish-bed  has  long  been  known  in  England.  Tn  1884,  how- 
ever, Professor  Claypolc  announced  the  discovery  of  American 
fishes  in  the  middle  Silurian  of  Pennsylvania:  that  is,  as  low  as 
tlie  bottom  of  the  Salina  Group;  while  the  oldest  European  fishes 
are  Hupposed  to  be  of  tlie  age  of  the  Helderberg  Group.  The 
name  of  the  oldest  fish  known  is  fiilffis'pis,  "  ancient  shield," 
Indications,  however,  are  found  of  still  older  fishes  in  the  Clinton 
siib-group,*and  named  On'chus  Clintoni.  This  group  probably 
corresponds  to  the  Tipper  Llandovery  of  EnEfland. 


3:3-3 
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The  oldest  well  preserved  Piacoderms  in  America  oome  from 
the  Devonian  Huron  Shale  of  Ohio,  and  have  been  deaoribed  by 
Dr.  Newberry.  One  of  these  is  named  Dinieh'thy^  or  '^terrible 
fish.''  7>.  Herzeri  appears  to  have  attained  a  length  of  at  least 
twenty  feet.  Its  head  was  three  feet  long  and  two  broad,  and 
the  under  jaws  were  two  feet  long.  A  restoration  of  this  qMknes 
is  shown  in  Fig.  241.  The  tail,  it  will  be  noticed,  like  that  of 
most  Palaeozoic  fishes,  was  heterocercal^  or  '^  nnequal-lobed.'*  In 
the  Devonian  flourished  also  huge  Lepidoganoids.  One  of  the 
Ohio   species  is  named  Onych*odu8   sigmofdes  by  Newbeny* 

The  skeleton  was  cartilaginous,  but  the 
teeth  were  long  and  formidable.  A  grotip 
of  these  is  shown  in  Fig.  24%.  It  had  jaws 
twelve  to  eighteen  inches  long,  and  proba- 
bly attained  a  length  of  twelve  to  fifteen 
feet.  Besides  Ganoids,  th<  n  i  huge 
Elasmobranchs   of    the        l>  ig^io- 

stomes,  which  includes  n         t 

Rays,  and  the  type  of  i  ( 

Shsrks,  some  of  which       II  live 
lian  seas.     The  back  teeth  in  the  latter  v 
obtuse,  and  there  was  a  p<         'al 
front  of  each  dorsal  fin.    S  Si 

of    these    spines   from   New   Y  ^ 

when  perfect,  was  as  least  ten  inches  long.     The  i 


Fio  242.— Group  of 
Front  Teeth  of 
Onych'odus  8lgmoide$, 
A  Scaled  Ganoid  from 

TUE     CORNIFEROUS     OF 

Ohio.    (Newberry.) 


Ym.  24:).— SpixE  of  an  Extinct  Cbbtraciokt  Sbabk.  MaekaneOH^i 

Hall.) 


arul  still  another  group,  Hyb'odonts,  more  : 
Sharks,  became  abundant  during  the  Hesi       3 

In   Europe,   the  PtericKthyB  or  "W 
has  been  long  a  familiar  form.     This  "S      a  oo 
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alaa'pis,    "  Shield   Head 
eever&l  utbers. 

From  Canada,  at  Scammenac 
Bay,  Mr.  Whi leaves  described  a 
Pterich'thya  Canade}isis,  Fig.  347. 
It  has,  however,  no  tail,  and  the 
sculpturing  of  the  platea  resembles 
Jiolhriol'epis,  of  which  species  are 
known  in  Europe,  and  in  the  Cats- 
kill  Group  of  America.  Cope  points 
out  some  remarkable  affinities  with 
a[i  Arctic  Tunicate,  Fig.  S48,  and  in- 
fers that  the  J^erichthi/'tdce  are  not 
a  distant  remove  from  an  ancestral 
type  of  Tunicates.  From  the  same 
locality  are  described  othi 


and  Cocotfteut,    "Berry    Bone,"  and 


THE     Devon  im     ar    Scotlanu, 
(After  Pander.) 

iinotig  them  a  Plianero- 


Fio.  Wa.-  Ctphalafpit  Lytm.    (Atli 


pleuron,  a  near  relative  of  the  living  Queensland  Cerat'odtfs,  and 
species  of  the  genera  Diplacmi' thus,  Acantho'des,  Mtathenop'- 


dtrafUut.    (After  J 


tfron,     Glijptol' epis,      Citeirol' epia,    Coccorf  tetis,    Cephalas'pis, 
CleTtaoav' thtis,  and  Homacan'  tkti-e, 
~^   The  types  to  which  these  Placoderms  and  ( 


i'l'L-UIEb. 


lit  of  existence  iluriiig  Palipozoic  time. 
The  I  epidoganoida  and  ordinary 
Sharks  continued  to  jlourish  dur- 
ing' lilt  Carboniferous  and  the 
Mesoioic  1 1  loost  Fishes  began 
^"N.  /^^^i!^       *     appear  in  tl  e 

I     \  ^^«v^^!i     Jurassic  but  only 

be  ame  abundant 
in  the  Cretaceous 
an  1  later  ages 
riiey  romain  the 
dominant  tjpe 
of  fishes  to  dav 
though  a  slender 
representation  of 
some  of  the  older 
types  still  sur- 
vives. The  com- 
mon gar  pike, 
JLepiilosteus,  is 
uctitcrii  and  south(.rii  fresh  waters.  It  has 
a  bonv  sktleton  and  the  tail  is  toss  hetoro- 
he  allied  ancuiit  speni.'! 


i                           3JP        1           ,                        d( 

i         W8-(SIvo- 

toota  VadoBla 

'iun),Bniil£Lnw 

A    Plate   cot 

hiohIointBmi 

Hotiriolfplt  Ltiaadt'in'   «hli 

lO      iLLl   TIUTE 

•-1HI1    mi    lMV\fL«pl}     FlIOM 

\m>m    iMTH 

11.  IJm    M•v^ 

FlfrUhinyidr 

-cinnrkcd  that  thr  ancient  t\pes  of  fishes  [KtsseBsed 
Is  i\i  inilin/oiiii  i/tariitfer  Their  skeletons  were 
ill  c   those  of  iht    emhrvos  ff  Teleosts,  and   their 
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tails  are  heterocercal  or  even  vertebrated.  The  tendency  of  the 
embryo  tail  to  a  vertebrate  structure  and  hence  to  a  heterocercal 
character  may   be  Avell   seen   in   the   embryo  of  Lepidoste^is^  a 


Pig.  851.— Embryo  op  Lepidosfeus  from  the  Cumberland  River,  Nashville,  Ten- 
nessee, Showing  a  Vertebrate  Tail.    (From  Nature.! 

representation  of  which  is  given  in  Fig.  251.  This  correspond- 
ence between  embryos  of  modern  types  and  the  adults  of  ancient 
types  is  a  general  principle  in  the  history  of  life. 

To  the  period  of  the  Coal  Measures,  Fishes  were  the  highest 
type  of  animals  in  existence.  As  in  the  early  history  of  other 
types,  they  were  also  numerous  and  bulky.  For  these  reasons 
palaeontologists  have  designated  the  Devonian  and  Carboniferous 
the  *'  Reign  of  Fishes." 

§  8.     Reptiles. 

Reptiles  are  essentially  a  post-Palaeozoic  type.  Telerpeton  and 
Stagonolepis  have  been  reported  from  the  Elgin  sandstones  of 
Scotland,  and  these  have  been  regarded  as  Devonian,  but  they 
may  with  great  probability  be  referred  to  the  Trias.  It  is  thought 
also  that  £Jos((urics  Acadiensis,  a  vertebra  of  which  was  found 
by  Marsh  in  the  Nova  Scotia  Coal  Measures,  may  have  been  a 
"marine  saurian."  Generally  the  place  of  Reptiles  was  taken  in 
the  Coal  Measures  by  Labyrinthodonts,  an  Order  of  Amphibians. 
Possibly,  however,  the  little  JECylonomiis  was  a  true  reptile.  In 
the  Permian,  the  last  group  of  Palaeozoic  strata,  occur  in  Europe 
the  remains  of  Protorosaurus,  a  lizard-like  reptile,  together  with 
other  forms. 

But  the  Mesozoic  was  the  theatre  of  the  chief  development 
of  Reptiles.  Not  only  were  they  numerous  and  often  gigantic  in 
dimensions,  but  many  were  heavily  armored;  and  the  type,  while 
its  forms  were  comprehensive,  became  wonderfully  differentiated, 
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I  that  reptilian  lite  became  fitted  to  inhabit  all  •letneM^  and 
[ilize  all  conditions  of  existence. 


The  sea  had  its  reptilian  denizena — Iehthjfo*auria,Bdi^'lmia 
their  home,  their  form,  their  atructure.    The  head  of  the  oommon 
fcMh^oiaurtte,  Fig.  2&a,  waa  enonaoiia,  with 
a  huge  snout ;  neck  wanting ;  teeth  oonioal, 
strong,  and  numerona;  orbits  of  immenas  mm; 
■  long  series  of  ribs  extending  from  the  naok 
to  the  elongate  tail;   sternum   and  awinuB 
wanting;  vertebne  bi-ooncBvc;  all  tlie  JImbs 
paddle-like,  composed  each  n{  numerous  short 
polygonal   bones  arrangi'il  gencrnlly  in  five 
t^^J'0"^_»(Si'-'     longitudinal  rows,  with  a  supernun)erary  row 
OO^'^rSO      °'  osaiolea  on  each  side,  giving  the  appear- 


obooy 


anoe  of  seven  dipts,  each  with  mnny  pha- 
langes. Species  of  le/ifhi/otutiinui  range 
through  the  Juraario  and  CretacoouB  of  the 
Old  World. 

^  P  "  In  America  are  foniKl    the    ri'inaiiia   of 

Fia.  zn.-LirT  Rthd  great  reptiles  related  to  Icrhthvosniirus,  but 
d^l^'\^£""ttZ  wiMoi**  teeth.  They  att-iincd'  a  length  of 
Belob'.  X  1-10.  F.  eight  or  nine  leeL  The  genus  y/a/nfaji'orfow, 
femur;  F:  flbnU:  i.  "toothless  bathst,"  and  the  Order  BAr-rAWo- 
traibnm;/. abnisrr:  doit'ta  have  been  establitihvd  for  them  by 
m.    meiai.™.!.;    T.    Marsh.    Fig.  S5S  illuBtTaica  Ihc  fool  <-f  Jil^- 

man    nimcrtlV   Indl-       tonodotl  dteCUt.      ^TS  Were  SIX  digitn. 

tiiii-  the  digitP  in  or-  The  Student  will  notice  particularly   tlio 

''"    **'""'''  primitive  or  low  oondHton  of   thi^  limbs  of 

tlx'se  IchthyosBuroids.     Bach  limb  was  a  aimplf  (in  or  paddle; 
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the  fore  and  iiind  liinba  were  identical  in  structurt;;  three  bones 
in  tiie  second  segment  of  the  limb  (as  tibia,  fibvia,  and  inter- 
medium,  in  the  hind  limb); 
the  mesopodial  bones  (car- 
pals  or  tarsals)  simple  cir- 
cular or  angularly  rounded 
discs;  the  number  of  digits 
six  or  more;  the  metapo- 
dial  bones  (metacarpals  and 
metatarsals)  and  also  the 
phalanges,  mere  circular 
discs,  and  the  plialanges 
verv     numerous.        These 

limb-characters,  like  the  general  features  of  Ic/Uhyusaurus  be- 
fore enumerated,  point  clearly  to  a  close  relationship  with  preex- 
isting and  contemporary  fishes.  The  thoughtful  biologist  cannot 
avoid  the  question  how  such  affinities  came  into  existence. 


ut  doliehodti'rut. 


"V  The  Plesiosauria 
omur'us  resembled 
the  Ichthyusiiiirus, 
but  differed  remark- 
ably in  its  long  neck 
and  snake-like  head. 
A  sacrum  of  two  ver- 
tebfii.'  was  present, 
and  supernumerary 
digits  were  wanting. 
It  attained  a  length 
of  18  to  20  feet,  and 
ranged  through  the 
Jurassic  and  Creta- 
ceous. Elaamosau- 
rns  pliilf/itriis  of  Cope 
attained  a  length  of 
5(1  feet  (Fig.  255).  Otli 
PyTiiONOMOR'PBA,  "sea 


other   sea    monsters.      The    Plesi- 


Fia.  3Bfi.— £(iunMaHi-iu  j^alyu'rut.    (Cope.> 

or  marine  saurians  belong  to  the  order 
serpents,"  of  which  over  forty  American 


;i-js 
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(  rt*lac'tM)us  species  arc  known  —  fifteen  in  New  .Jersey,  six  or 
inoH'  in  the  Gulf  States,  and  over  twenty  in  western  Kansas. 
M(fS<f.^(ff/rf/.<  /trhn'ijfs^  Marsh,  was  75  to  80  feet  in  length.  The 
l)()(ly  was  covered  with  overlapping  bony  jilates.  Each  of  the 
lour  ])addles  had  five  digits,  but  with  supernumerary  phalanges, 
lik<*   whah's.      Besides   eonioal   saurian   teeth    in    the   jaws,   there 


Fic.  'J.V).  -liKiiiT  I'audle  of  I^stomuruit  Mic'romus.    x  1-13. 

were  two  rows  of  formidable  teeth  along  the  roof  of  the  mouth, 
adaj)ted,  as  in  snakes,  for  seizing  iheir  prey.  To  give  lateral 
motion  to  tlie  jaws,  an  exeejUional  joint  existed  in  front  of 
the  usual  arti(*idation,  and,  as  in  serpents,  the  two  branches  of 
the  lower  jaw  were  unconsolidated  in  front.  The  structures  for 
swallowing-  presented,  therefore,  a  truly  snake-like  aspect.  Our 
modern  snakes  appear  to  be  dwarfed  representatives  of  the 
ancient  Mosasaurs,  still  retaining  nnich  of  their  ancient  fondness 
for  the  water. 


*-^-^-^^-^-^A5^A  AXkA^ 


Fig.  257.— Rkstoued  Jaw  of  Edentomut-tis  dispar.    x  1-6. 

TIh^  land  also  had  its  reptilian  denizens.  Of  these,  the  DjijOs- 
sAiRiA  are  by  far  the  most  interesting.  Though  commonly 
rciiarded  ;is  an  Order,  the  number  of  modifications  of  the  type 
lias  been  found  so  great  and  so  extreme  that  Marsh  proposes  to 
reiiard  the  group  as  a  Sub-Class.  In  one  of  the  Orders,  Sau- 
Hoi'oi>A   (Lizard-footed),  the   .Iuras.sio  AtlantoHdnrus   iminanis 
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attained  the  remarkable  length  of  one  hundred  feet.  The  femur 
was  over  eight  feet  long.  Its  remains  occur  in  Colorado.  The 
related  Morosaxtrus  grandis  was  40  feet  long.  Apatosaurus 
AJax  had  the  vertebrse  of  the  neck  four  feet  broad,  with  a  sacrum 
of  three  united  vertebrte.  In  another  Order,  Ornitiiop'  oda 
{Bird-footed),  with  only  three  toes  behind,  the  structure  was 
strikingly  bird-like.  Among  these,  Laosaurus  altus  was  about 
ten  feet  long,  and  JVanoeaurus  was  quite  diminutive.     In  the 
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Cretaceous  beds  of  New  Jersey  are  found  the  remains  of 
Hadrosaurua.  Foulki,  a  representative  of  another  family  of  the 
bird-footed  aaurians.  This  is  believed  to  have  been  capable  of 
locomotion  on  its  hind  feet,  or,  at  least,  to  have  frequently  sup- 
ported itself  on  two  feet  while  reaching  with  its  fore  feet  to 
gather  its  vegetable  diet  from  the  foliage  of  the  forest.  Tliree- 
toed  footprints  of  some  bipedal  animals  imprinted  on  the  sand- 
stones of   the    Connecticut  valley  are,   with    muoh    probability, 
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ascribed  to  some  reptile  allied  to  Madrotemrtu.  OmitAolarnu 
inimania  of  Cope,  from  the  shore  of  lUritui  Bay,  waa  a  ooloaaal 
Dinosaur,  whose  hind  limb,  aooording  to  Cope,  oould  not  have 
been  less  than  13  feet  in  length. 

Ill  the  Old  World,  the  Omithopoda  were  extenuvely  repre- 
sented by  species  of  Igucmodon.  A  bed  of  their  remaiua  baa  re- 
cently been  brought  to  light  at  Bemissart,  in  Belgittm,  and  tha 
settled  conclusion  of  M.  Dollo  is  that  Iguan'odon  was  to  aome 
(•xtent  '(  bipedal  walker.  Fig.  2S9  represents  I.  SamUtarlauis 
aH  recently  mounted  at  Brussels.     The   head  is  14  feat  above 


Pin.  sea.— rbftilm 


the   floor,  and  the  floor  spaoe   covered  is  88  fi 
whole  length  of  the  animal  being  over  S6  feet      "] 
wus  an   inhabitant  of  fresh-water  marshes,   and  fed 
ferns.     It  »as  a  powerful  swimmer,  and  tiii     i  i     i 
tions  tliat  the  toes  were  webbed.     Some  3  1       a  . 

of  Ig'uanodon  was  made  by  Hawkins,  under  tl 
of  London,  and  Fig.  360  gives  the  oooception  of 
extant.     But  it  obviously  requires  some       dift 

Other,  and  more  oharaoteriatioally        i       i 
tlie  Order  TiiKEiODONTA,  or  "Beaat-toi      1     " 
Triassi<-  of  South  Africa.     Three  sorts  of  teeth 
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conical  incisors,  long,  powerful  canines,  compressed  laterally,  and 
minutely  serrated   behind,  together  with  conical  molars    (Figa. 


Sei  and  aC2),     In  I 

occur  representatives  of   another  ill*htTubk.    Trus  or 

order,  Anomodostia,  or  DU-yn-  South  afric«. 

odontia,  "  Dog- toothed,"  in  which  the  jawa  are  converted  into 

toothless  beaks  (Fig.  363).     In  some,  however,  there  was  a  pair 


Fio,  '«;>.— PltToaaCyliii  eraiitroil 
iD'Orbigny.)    Erroiiuou-ly  repri; 

of  teeth  implanted   in  the   upper  jaw,  growing  from  persistent 
pulp«,  and  iLssuniiiig  the  character  of  great  tusks  (Fig.  2fi4.) 


(IKOLOUICAL   STI'DIES, 

ic    air,    frnally,   liad    its    reptilian   denizens,   Pteeosauria^ 
iiiir  Sanrimis."  h;iviii<r  essetitially  tlif  structural  charactera 


but  with  some  bird-like  modifications,  and  a  pair 
viiigs  stretched  from  the  greatly  elongated  outer 
digit,  along  the  aide 
"bf  the  body  to  the 
tail.  We  find  five 
modi  )i cations  of  Fly- 
ing Saurians,  all 
European  but  one; 
(1)  Pterodactylus, 
having  the  javs 
toothed  to  the  tip, 
and  tail  short.  Fig. 
265;  (2)  Dimorpho- 
don  (Fig.  26ti),  with 
jaws  toothed,  the 
anterior  teeth   lai^- 

i,.h.rnjii/nu:  microhm     i  Vftcr  iiwcn )  **"''     "'^'^     **"      ^^^ 

long;      (3)     Rhwn- 

,1,11.%  witii  tijis  of  jaws  edentulous,  and  tail  very  long; 
■iin-'lo/i.  with  jaws  toothless  and  tail  short  and  slender — 
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Fio,  2a&  — Lift  Fia.  M.  — Left 
LowBB  Jaw  or  Lovib  Jiir  or 
IMAgomit  liit        Huptromlt  rtg- 


oomprising  gigantic  forma  from  the 
Cretaceous  of  North  America,  some 
having  a  spread  of  23  feet;  (5)  Or- 
nifhopteruB,  with  a  wing-finger  hav- 
ing only  two  phalanges. 

If  to  the  reptilian  forms  men- 
tioned we  add  the  other  Permian 
and  Mesozoic  forms  known — true 
Lizards,  Crocodilians,  Stegosaurians 
(plated  lizards),  and  other  genera 
of  savage  Theropods  (beast-footed), 
like  Megalosmmca,  and  Zcelapa,  and 
other  reptiles  with  hollow  bones,  the 
C(Ei.UEiA  of  Marsh  —  we  may  easily 
believe  that  the  "Age  of  Reptiles" 
was  one  of  marvellous  luxuriance 
and  diversification  of  the  reptilian 
type. 

§9.     Toothed  Birds. 

While  the  Age  of  Reptiles  was 
in  progress,  true  Birds  came  into 
existence.  One  of  the  earliest  forms 
'xha  Archceop' teryx  macron'ra  (Big- 
tailed  Old-flyer),  of  which  a  restora- 
tion by  Owen  is  given  in  Fig.  867. 
It  comes  from  the  Juras- 
sic schists  of  Solenhofen. 
It  had  a  conapiououaly 
long,  vertebrated  tail, 
quill-bearing  on  each 
side;  and  Marsli  has  re- 
cently shown  that  it  pos- 
sessed teeth.  Whether 
-Tooui  mppe  ^  bird  than  reptile 
-4.       is   even    still   a    mooted 
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point.  Carl  Vogt  pronounoea  it  t/tatAand  UMord.  lliere  ua 
two  conical  teeth  in  the  upper  jaw;  eigfat  neok  rertebm,  with 
five  pairs  of  ribs  directed  baoltward;  ten  donal  Tertetnae  without 


spinous  prooeseea,  and  supporting  ribs  without  UDoiiiale  pro-  < 
cesses;  five  atemal  ribs,  and  very  minute  stftrnuin.     The   ton 
limb,  he  maintains,  is  not  a  proper  wing,  and  thern  are  three  i 
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digits,  resembling  those  of  a  clawed  lizard.  If  the  feathers  had 
not  been  preserved,  no  one  would  have  thought  the  Arehceop- 
teryx  a  bird,  or  capable  of  flight.  Here,  then,  is  a  creature  in 
which  bird  and  reptile  are  so  mixed  that  the  best  judges  cannot 
agree  whether  it  is  one  or  the  other. 

Equally  remarkable  forms  have  been  described  by  Marsh, 
from  American  Cretaceous  strata,  on  which  he  has  founded  the 
Sub-Class  Odontornitiies,  with  two  Orders,  Odontolcae^  having 
teeth  in  grooves,  and  Odontotornice,  having  teeth  in  sockets. 
The  tail  was  not  specially  elongated.  Some  of  their  charac- 
ters are  illustrated  in  Figs.  268-271. 

These  "  connecting  links "  between  reptiles  and  birds  pos- 
sess extreme  interest.  Whatever  conclusions  they  may  sustain 
respecting  the  genetic  relationship  between  these  two  types,  ex- 
ternally so  dissimilar,  the  nature  of  the  structural  relations  is 
identical  with  that  which  runs  through  all  the  numerous  and 
diversified  Orders  of  reptiles,  3.nd  also  allies  reptiles  with  all  the 
other  vertebrate  classes. 

§  10.     Mammals. 

1.  Mesozoic  Mammals,  The  earliest  discovered  traces  of 
Mammals  occur  in  the  Upper  Triassic  strata  of  the  Old  World,, 
and  in  strata  of  nearly  the  same  age  in  America.  They  are  single 
species  in  each  case.  The  next  remains  occur  in  the  Jurassic. 
The  Cretaceous  passes  with  the  disclosure  of  only  a  single  relic j. 
found  in  America.  But,  with 
the  opening  of  tlie  Ca?nozoic 
^on,  mammalian  life  appears  to 
have  been  abundant. 

The  Triassic   Mammal  of   Eu-     f,„.  m-LowER  Jaw  «p  DromaffifHum 

rope  has  been  named  J^Zicrolestes      nyiveatre,  Emmoxs.  from  the  jura  Tri- 

. .  i.1     i.    r  A  •         T\   ^  AS  OP  North  Carolina.     (After  Em- 

antt(iuii8\t\\AtoiA\\\QT\csi,jJrom-      ^onp) 
atherium   sylvestre^   E  m  m  o  n  s, 

fromtKe  red  sandstones  of  North  Carolina.  These  have  been 
generally  regarded  as  Triassic;  but  Professor  Fontaine's  recent  de- 
termination of  the  Jurassic  age  of  the  Richmond  and  Deep  River 
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>al  fields  may  fix  a  later  epoch  for  Dromath^rium.  The  TriuHO 
mammal  of  South  Afri" 
oa  is  THtylodim  toagm- 
vu»  (Owen),  aa  large 
aa  a  gray  fox,  and  i»- 
markably  apeoialiBed 
for  a  mammal   ao   an- 

Jndgtng  from  a  lin- 

gle  ramos  of  the  lower 

jaw  of  DromatKerimn, 

Fig.  278,  tbe  animal  waa 

an    iaieotiToroua   Hai^ 

sapial,   related   to  the 

Banded     Anteater    of 

Auatralia,  Mymuoobi-: 

u»  fatciatus.  Big,  S7S. 

Fia.mt.^MvTvueabiiu/atekaM.  THcBittnnAn-    MicToUtttM  ia  belieTed 

tATKKOfNiwSouTHWiLM.  xf  (AftorOooM).    to  be  nearly  related. 

The  next  horizon  of  mammalian  remains  is,  in  the  Old  Worid/ 

in  the  Stotiesfield  Slate  of  the  Lower  OOlite.     Aooording  to  mm- 


mon  (ipiiiion,  tliey  all  belonged  to  ManapiaU,     A\ 
(Fig.  2T4),  Amphileates  and  Phtucoloth^mn  (Fig,  9 
aUo,  probably,  Insectivores.     i^ereognatAuM  appeanto 
herbivtirous.     Toward  the  close  of  tbe  Oolitio  period, ' 


PROGRESS   OF  TERRESTRIAL  LIFE. 


347 


Purbeck  beds  supply  another  deposit  of  small  mammalian  re- 
mains, amounting  to  14  species,  all  considered  marsupial  and 
polyprotodont  —  that  is,  having  more  than  two  lower  incisors, 
with  canines  more  or  less  extensively  developed,  and  the  molars 
either  cuspidate  or  with  sectorial  crowns.  Of  these,  Plagiau'lax 
is  allied  to  the  Kangaroo  rats,  having  large  premolars  with  seven 
conspicuous  grooves  on  the  crowns.  The  other  genera,  Spaldco- 
the'rium^  Tricon'  odon,  and  Galastes  are  Insectivoresj  and  related 
to  Australian  Phalangers.  Perathe'rium,  from  the  Paris  and 
American  Eocene,  was  an  opossum. 

The  Atlantosaurus  Beds  of  the  American  Jurassic  have 
yielded  not  less  tlian  17  species  of  mammals,  all  of  which  are 
probably  marsupial  or  re- 
lated to  marsupials,  and 
most  of  which  are  insect- 
ivorous, and  related  to 
European  forms.  Dryo- 
les'tes  priscus  was  a  small 
opossum.  Four  other  spe- 
cies of  Dryoles'tes  are 
known.  Sty  lac'  odon,  2 
species,  was  a  near  relative  of  the  European  Stylodon.  (Jtenac- 
odofiy  2  species  (Fig.  276),  was  akin  to  Playiau  lax,  and  the  two 
are  constituted  by  Marsh  the  types  of  a  new  order,  Allothe'ria, 
supposed  combining  marsupial  and  other  characters,  and  now 
extinct.  The  names  of  the  other  genera  are  Tin'odon,  4  species, 
Dyplocyn' odon  (Fig. 
277),  Tricon'  odon^  Al'lo- 
don, and  Doc' odo7i.  These 
Marsli  associates  in  an- 
other new  order,  Panto- 
the'ria,  to  which  he 
thinks  most  of  the  Euro- 
pean Jurassic  Mammals  FiQ.rn.  — Dypfocyn^odon  victor,  Mn.  xli-  a,in- 
.     ,  Txr'.i    #  cisor:  6.  condyle;  c,  coronoid  procees;  d,  angle. 

belong.     With  few  excep- 
tions, he  says,  the  Mesozoic  Mammals  are  low,  generalized  forms. 


FiQ.  276.—  Ctena&odon  serraiue,  Mh.  x  2i.  Left 
Lowtsr  Jaw.  From  the  Jurassic  of  Wyoming 
Territory. 
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witliout  any  distinctive  Manupial  ohancten.  Not «  few  of  tbtm . . 
show  features  that  point  more  diraotly  to  InMotivons.  From 
this  Order  true  Marsupials  and  Inseotivores  wereprobftbljrderiTcd. 
From  tlic  Laramio,  or  highest  group  ot  the  Cretaoeoua,  Copo 
described,  in  1884,  a  single  Mammal,  MenUco&^nu  eonguUftia, 
discovered  b}'  J.  K.  Wortman  in  Dakota.  It  belongs  to  the 
PliKjiftu' laj"  family. 

.  Tertiarii  Mammalt.  Bj'  such  beginninga  the  Hammaliui 
:  was  introduced  upon  the  earth.  During  two  entire  Meao- 
zoic  Ages  they  were  small  and  feeble  creatures,  eitlier  low  Mar- 
supial in  type  or  else  oven  lower  than  Hanupial,  and  markinfr 
Orders  from  which  the  Marsupial  charaotera  had  not  yet  liccn 
clearly  differentiated.  It  mast  bo  said,  boweri^r,  thai  the  Marsu- 
pial, after  a,  few  oviparous Monotremes,  is  tho  loncBt  known  Mam- 
maliun  organization,  and  an  antecedent  improbability  exists  of 
any  older  order  generalizing  manupial  and  plai-entnl  Mammnls. 

With  the  opening  of  the  Tertiary  Age  w  jicli  uiamuialiBn 
fauna  was  in  possession  of  the  continents  —  at  least  of  Amprioa 
and  Kurope.  We  are  unable  to  say  whether  they  generally  poe- 
scsscd  marsupial  characters  or  not;  bat  thert^  is  little  evidence 
lliat  tbey  did.  They  are,  however,  highly  ijeucrnliKod  forms. 
None  of  our  modern  Orders  had  become  distinctly  dISereutiated, 
but  several  of  them  were  pre-indioated  with  oonsiderahle  salience. 
There  were  characters  be- 
longing to  Insectivores,  Car- 
nivores, Rodents,  Paohy- 
denna  cf  diHerent  tribes, 
and  even  of  Probuscidiaiis; 
hut  they  were  variously  aaso- 
oiated  in  the  same  animals. 
One  of  the  earliest  of  these 
comprehensive  types  in 
Amerioa  and  Europe  was 
Cuiyj)/i' odoti,  Owen  {iadudiag  Sath'modon,  Cope),  from  near 
the  bottom  of  the  Booone.  An  ontlina  of  the  skull  is  shown 
in  Ki^.  278,  in  which  the  small  sise  of  the  brain  Is  indioaled. 
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i   short, 


This  was  a  large  tapir-like  quadruped.  Tlie  lin 
and  each  of  the  feet  was 
supplied  with  five  function- 
al digiU  (Figs.  279,  280). 
Cope  describes  13  American 
species  of  Coryphodon  and 
two  of  Bathmodon. 

Of  nearly  the  same  age 
as  the  Coryph'odo,i  was  a  p,«. ^_l,„ fo« f»ot.  x|. 
strange  atiitnal  which  Marali  fio.  JM.-Lm' Hon.  Foot.  x}. 
has     named      TilffiiAellUwn 

fo'diens,  and  made  the  type  of  a  new  Order,  Tillodont' ia. 
It  presents  a  remarkable  combination  of  the  rhftrncters  of 
Ungvlata,  Rodentia, 
and  Carnivora.  The 
skull  (Fig.  281)  resem- 
bles that  of  a  bear,  and 
the  skeleton  generally 
is  that  of  Carnivores; 
but  the  feet  are  5-toed 
and    plantigrade. 


lolai 


ola 


have    grinding     cr< 
the  canines  arc  of  , 
size,^  and    the  pren 

>wn8,      Fio.J61.-7IHoMCr(i.m  fCdUn:    Mh. 
small             Lower   Jaw    Displaced    Dowmw 

laries  carried  a  paii 

■  of  scalpriform  incisors,  like  the  b( 

form  and  in  growing  from  persistent  pulps.    Anchippodus,  Leidy 
(=  Tror/OKtis),  was  allied  to  Tillotheriunt. 

Another  interesting  form,  from  the  Wahsatch  Eocene  of 
Wyoming,  is  Plieiiar' odus,  Cope,  a  skeleton  of  which,  in  the 
position  in  which  lt~was  found  imbedded  in  the  sand-rock,  is 
shown  in  Fig.  283.  Its  nasal  bonrs  and  several  other  features 
rtjsemble  the  tapir;  the  tail  was  as  long,  proportionally,  as  that 
of  «  cat;  the  hind  feet  were  semi-plantigrade;  the  molar  teeth 
were  pig-like.  Of  P/ienacodus  Cope  has  described  thirteen  spe- 
cies, and  has  made  it  the  type  of  a  family  and  of  a  Sub-onW 
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C'oMivi.Au'iiiRA,  wluoh,  with  fFyracoidea,  the  Conies,  he  uiiitea 
III  thi'  new  ()rde;r,  'I'axeopoha. 


ithor  Wahsatch  foni 
•inj.e.  by  Cope.      The  1( 


found  also  in  Wyoming,  is  named 
cr  jaw  is  here  figured.  (Fig.  283, 
a,  h.)  This  animal  was 
distinctly  llesh- eating, 
but  in  some  respects  it 
differed  from  modem 
Carniv'ora,  and  Cope 
lias  established  a  new 
Order,  Ckbodon'ta,  to 
receive  this  and  numer- 
ous other  extinct  flesh 
eaters, which  he  arranges 
in  eight  families.  They 
were  also  related  to  Mar- 
supials and  losectivorea, 

iu*  of  .nuudible;  ft,  view       Q,,^  g^„p  ^j  j^eui  (the 

TiUodotitia   of    Manh) 
leniuriiie  tendencies,  and    the  other,   TaettiO' 
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In  the  next  or  Bridger  epoch  of  the  Eocene  existed  in  Wyo- 
ming an  assemblage  of  quadrupeds  elephantine  in  dimensions 
and  striking  in  organization.  These  have  been  made  the  subject 
of  an  elaborate  memoir  by  Marsh,  in  which  an  extinct  sub-order 
has  received  an  elucidation  unequalled  in  the  history  of  science. 
They  have  also  been  very  thoroughly  investigated  by  Cope  and 
Leidy,  and  have  been  embraced  within  the  researches  of  Osborne 
and  Spier.  The  Dinockr'ata  of  Marsh  are  constituted  of  three 
genera:  TTintatherium  (=  Batkyop'sis,  Cope),  Dinoc' eras,  and 
Tinoc'eras  (=  Eobns' ileus,  Cope),  With  the  Dinocee'ata 
Marsh  unites  the  Corvphodon'ta  {=  Pantodon'ta,  Cope)  to 
constitute  the  Order  AMBLyPAc'TTLA,  which  appears  to  be  pre- 
cisely identical  with  Cope's  older  named  Amblyp'oda.  This, 
with  the  orders  Proboscid'ba,  Hyracoid'ea,  ami  Clinodac'- 
TYLA  (=  Perissodacti/lff  -\-  ArUodaetyUi)  form  Marsh's  Super- 
Order  Ungulata.  It  would  be 
out  of  place  here  to  enumerate 
the  characters  of  these  genera. 
The  student  will  get  an  impres- 
sion of  the  aspects  of  these 
primitive  beasts  from  the  skulls 
and  skeletons  here  figured.  It 
is  obvious  that  the  feet  resem- 
ble, except  in  technical  points, 
those  of  Coryjih'odon,  and  also 
those  of  the  elejihatit.     A  cast 


i;ICOLU(iICAL  sri'lHEs. 

!iiri  sliowH  the  very  small  size  of  the  hemispheres  and  the 
f  olfactory  lobes.  The  brain  is  the  most  reptilian  among 
:.     In  I-'ij^.  'iSli  is  a  restoration  of  the  skeleton  ot  IHiior'- 


HitiiiuER  <; 


Fiji.    ^8T    is  a  similar  restoration   of    lltioc'erag   or 

The  stu<lcut  will  notice  in  &I1  these  a  similar  struo- 

feet,  nnd  similar  protuberances  on  the  akuU.     It  is 

inted  by  horns  or  only  cov- 


■  served,  probably,  hb 
a  served  a  similar  pur- 


,  according  to  Uopc,  are  composed  of   Et/bOB- 
,  Marsh),    /Ai.-rn/o/t/iiHhiii  (included  in  Tinoc- 
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eras  by  Marsli),  BathyopsiK  {=    Uintatherium,  pars,  of  Marsh), 
and  Vititatherium,  Leidy. 

Passing  unmentioned  a  multitude  ot  remarkable  Eocene 
forms,  we  reach  the  White  River  Beds  of  the  Miocene,  and  find 
ill  existence  anotlier  type  of  elephantine  quadrupeds.  The 
ISrontothe' rium.  Marsh  {=  Symbof  odon,  Co\i%  +  Id iobat' ileus. 
Cope),  of  which  a  skull  is  shown  in  Fig.  388,  had  four  nearly 


the  hind  foot,  thus 
nd  general  conform- 


equal  toes  on  the  fore  foot  and  three  on 
numerically  resembhng  the  tapirs  In  size 
ation  of  the  skeleton  it  resembled 
the  elephant  but  with  shorter  limbs 
Tlie  nose  was  probably  long  and 
Dexiblc,  but  without  a  proboscis 
The  brani  cavity  was  verj  small 
A  pair  of  homeores  rose  on  the  max- 
illary bones.  The  canines  were  short, 
and  separated  by  a  diastema,  ov  in- 
terval, from  tiie  premolars.  The 
student  may  point  out  from  the 
ilhial rations  the  differences  among 
the  great  extinct  rnaminals. 

1  he  1  ertiary  ages  of  other  conti-         EinorE    ( \(ter  Km 
nents    were    equallj'    productive    of 
mammalian   forms;    but    we  can  only  afford  space   for 
of  two/    The  Dhiiit/ie  riiitn  was  about  the  first  known  of  Pro- 


-  KHOIIie^um    fiffai- 
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boscidians.  Its  roniaiiis  liavo  been  found  in  Gennanv,  France, 
ami  Grceco,  in  deposits  of  Miocene  age.  It  liad  in  the  lower  jaw 
tw(j  enormous  tusk-like  incisors,  directed  vertically  downward. 
Tlie  molars  present  a  combination  of  inastodont  and  tapiroid 
characters.  The  animal  attained  enormous  size,  and  by  some 
it  is  thought  to  have  been  of  semi-aquatic  liabits.  The  other  for- 
eign mammal  to  be  mentioned  is  the  Sliudht  rinni  of  the  Sivalik 
Hills  in  India,  a  gigantic  four-horned  Antelope.  The  posterior 
horns  ])()ssessed  two  snags  or  branches,  a  peculiarity  not  to  be 
paralh'ied  among  existing  (^(fvitutr' /tiff,  except  in  the  Prong- 
buck.  /Ir^niHttfuf' riiun  was  a  contemporary  of  similar  organi- 
zation. 

We  must  mention,  lastly,  the  succession  of  horse-like  forms 
that  hav(^  existed  in  America  during  the  progress  of  the  Tertiary 
ages.  These  have  becMi  worked  out  by  Marsh,  to  whom  science  is 
indebted  lor  so  many  important  residts.  Much,  however,  has 
been  <<>ntributed  by  Co[)e  and  Leidy,  and  it  is  not  certain  that 
s(jme  of  their  names  are  not  |)ossessed  of  priority  over  Marsli's. 

Animals  soimnvhat  horse-like  were  in  existence  at  the  begin- 
ning of  the  Eocene.  Other  species  appeared  in  succession,  })ro- 
gressively  mon»  and  more  like  tlie  modern  horse,  until,  near  the 
close  of  the  Tertiary,  the  modern  genus  EqnuA  appeared.  It 
would  not  be  pro|)er  to  enter  here  into  the  details  which  charac- 
terize and  dilTerentiate  these  successive  equine  forms;  but  the 
student  may  refer  to  the  illustrations,  Fig.  '290,  while  lit?  reads 
the  ('ollo\vin<r  brief  statements: 

In  the  oldest  Eocene  deposits  of  New  Mexico  are  found  the 
remains  of  a  horse-like  quadruped,  KiflupjPHs  (^i^  Jfyrtn'othe' - 
rim/i/),  about  the  sizt»  of  a  fox.  It  had  four  functional  toes 
bet'ort^  and  three  behind,  thus  resembling  the  tapir.  A  rudiment 
(lik«' a  "splint  bone")  remained  of  the  outer  or  \'th  toe  behind 
(since  those  j)resent  wi^re  the  lid,  llld,  and  IVth);  and  since  the 
\'th  was  |)r«*sent  before,  there  wna pmh/thh/  a.  rudiment  of  the  Ist 
in  the  tore  toot,  making  the  normal  number  of  five  digits  in  that 
foot.  Thr  "hoofs"  were  mere  thick,  broad,  and  blunt  claws. 
The    molars  were    short    and    without    "cement."     There  were 
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eight  carpal  bones,  resembling  those  of  the  tapir.     This 
is  not  illustrated  in  Fig.  290. 

In  the  Middle  Eocene  or  Bridger  Beds,  of  Wyoming  and 
Utah,  existed  Orohippus^  also  of  the  size  of  a  fox.  This  had 
four  functional  toes  before  and  three  behind.  The  ulna  was  oom- 
plete  and  distinct  from  the  radius.  The  tibia  and  fibula  were  also 
distinct.  The  crowns  of  the  molars  were  exoeedingly  short,  and 
the  enamel  pattern  simple.  Later  in  the  Eloeene  lived  i^jt^^jpur 
wliich  resembled  Orohippus  in  the  digits,  but  differed  in  its 
more  developed  molars. 

In  tlie  early  Miocene  lived  MesohippUB^  a  horse-like  quadra^ 
ped  of  the  size  of  a  sheep.  Its  functional  toes  had  diminished  to 
three  before,  nearly  equal,  and  three  behind.  In  the  fore  limb, 
however,  was  a  large  '^splint,''  the  remnant  of  the  Vth  digit  of 
Orohippus,  The  radius  and  ulna  were  still  distinct,  bat  tliA 
latter  was  considerably  attenuated  in  the  lower  part.  .The  tibia 
and  fibula  were  also  distinct. 

In  the  late  Miocene  of  Oregon  existed  MiohippuB^  a       of  the 
size  of  the  sheep,  with  three  functional  toes  before  and         e  be* 
hind,  and  also  a  splint  of  the  Vth  digit  before,  biit 
Me,8ohippu8,     The  middle  hoof  is  also  larger  and  the  late 
are  shrunken.     The  ulna  is  still  distinct  and  as  long  as  the 
but  very  slender  distally.     The  fibula  is  coCssified  v 
at  tlie  lower  end.     The  older  Miocene  AnchUheri 
equine  known  in  Europe,  is  closely  related,  but  a  lit 
spocializod. 

Coining  down  to  the  early  Pliocene,  we  find  that 
quadruped  existed,  called  Protohippuf^  of  the  s  i 

Instead  of  tliree  serviceable  toes  it  had  but  one  with  a 
hooflct  or  ^*  (lew-claw  "  on  each  side.     The  ulna  was  as 
the  fore  arm,  but  extremely  slender.     The  fibula  i        : 
tary.     The  crowns  of  the  molars  were  still  longer 
hippus.     Contemporary  with  this,  were  the       eely 
chipptiH   in    America    and   Hipparion  (=   li 
Europe;  while  Jf^r^cA'tti^  was  probably  ident 

Next,  in  the  Middle  Pliocene,  existed  PiM 
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portions  of  a  moderate-sized  horse,  in  which  was  only  a  median 
toe,  larger  than  in  ProtohipptiSy  but  with  large  splints  instead  of 
dangling  hooflets,  on  each  side.  The  crowns  of  the  upper  molars 
were  longer  and  the  crescentic  areas  more  complicated  than  in  the 
older  types. 

Finally,  toward  the  end  of  the  Pliocene,  Equus,  the  modern 
horse,  existed  in  America.  It  differred  from  Proto/iippus  in  a 
more  powerful  middle  digit,  diminished  splint  bones,  upper 
molar  crowns  larger  and  more  elongated,  and  crescentic  areas, 
formed  by  the  enamel  plates,  more  complicated.  The  horse  sub- 
sequently found  its  way  to  the  Old  World  and  remained  to  his- 
toric times.  Meantime  it  became  extinct  in  America,  and  was 
reintroduced  on  the  discovery  of  the  New  World  by  civilized 
man. 

The  historical  vicissitudes  of  the  Camel  have  been  similar. 
These  and  many  other  facts  indicate  that  the  Old  World  received 
some  of  its  Mammalian  populations  from  the  New. 

§11.     Retrospect  of  Succession  of  Vertebrate  Life  in  America. 

The  following  Table,  compiled  from  final  publications  of 
Marsh  and  Cope,  exhibits  the  order  of  introduction  of  the  princi- 
pal vertebrate  types  in  America,  with  a  corresponding  grouping 
of  formations.  The  student  of  geology  will  find  it  useful  for 
reference. 
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CHAPTER  V. 
FORxMATIONAL  GEOLOGY. 

FORMATIONS,  THEIR  STRATIGUAPHICAI.  CONSTITUTION,  GB06RAPH- 
n^AL    EXTENSION,  AND    PAL^ONTOGRAPHICAL 

( MIARACTERISTICS. 

^1.    Preliminaries.     Geological  Maps. 

We  must  now  return  to  tlie  rocks,  and  learn  more  method- 
ically what  are  tlie  lithological  characters  of  the  various  groups 
into  which  tliey  are  arranged,  as  heretofore  shown  (page  274), 
their  thickness  and  relative  importance,  the  fossil  remains  which 
characterize  them,  and  the  regions  in  which  they  occupy  the 
earth's  surface. 

By  the  aid  of  the  classification  which  has  been  already  studied 
to  a  considerable  extent,  and  the  geological  map  of  the  Eastern 
United  States,  on  which  numerous  exercises  have  been  had,  with 
the  general  survey  of  organic  life  contained  in  the  last  chapter,  a 
good  preliminary  acquaintance  has  been  made  with  the  forma- 
tions which  wo  are  now  to  study  a  little  more  in  detail,  or  at  least 
in  a  somewhat  different  manner. 

To  prepare  the  way  for  a  broader  and  completer  comprehen- 
sion of  American  geology,  we  now  direct  the  particular  attention 
of  the  student  to  both  parts  of  the  Geological  Map  of  the  United 
States  on  pages  118  and  110. 

To  enable  the  student  to  acquire  a  grasp  of  the  method  of 
continental  development,  we  also  introduce  here  a  very  general 
map  of  the  geology  of  North  America  : 
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S^  2.  The  Eozoic  Oreat  System. 
1.  Sbu!  the  Term  is  Used.  A  gUnci^  at  the  geological  maps 
shows  that  the  rocks  of  tliia  Great  System  occupy  but  compara- 
tively little  of  tlie  actual  surface  of  North  America.  But  when 
we  reflect  that  they  pass  everywhere  under  the  other  rocks,  we 
understand  that  they  constitute*  the  great  mass  uf  the  solid  land. 
Because  they  constitute  th-j  heginning  of  the  actually  observed 
series  of  formations,  some  geologists  designate  them  Archeean, 
from  itpx^t  *''6  beginning.  But  we  know  too  little  aboutthe  deep- 
est atid  oldest  rocks  to  assert  that  formations  seen  at  the  surfaca 
continue  down  and  include  the  rocks  formed  tit  the  beginning. 
We  have  good  reason  to  believe,  as  before  explained  (page  S88)^ 
that  the  begiiming  rocks  have  been  long  ago  melted  away.  W© 
do  not  know  that  any  arch^ean  rocks  remain.  Assuredly,  we  have 
not  seen  any  archiean  rocka;  and  it  is  certain  they  are  not  strati* 
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fied,  as  the  oldest  rocks  known  to  observation  are.  We  may  reason 
about  arcliiean  rocks,  as  a  necessity  of  our  theory  of  the  world.  We 
may  oven  extend  the  meaning  of  the  term  to  embrace  all  the  rooks 
from  the  bej^inning  of  incrustation  to  the  Cambrian.  We  may  some- 
times use  the  term  in  this  sense.  But  we  need  a  term  to  desig^- 
nate  these  later  arcliiiean  rocks,  and  hence  we  style  them  JSozoic  — 
a  term  symmetrical  with  Paheozoic,  Mesozoic,  and  CienozoiOy  and 
one  whi(^h,  unlike  Azoic  (formerly  employed),  can  never  beoome 
inapplicable^  through  the  progress  of  discovery.  Tlie  rocks  next 
before  the  Eozoic  were  perhaps  strata  now  melted  away.  Before 
all  strata  there  must  have  existed  a  fire-fonned  crust  —  a  real 
Pyrotjtnic  formation.  Hence,  Are/i€ea?i,  in  the  sense  sug^g^sted, 
is  com])rehensive,  and  we  need  to  note  its  divisions. 
2.    DivfSio/ifi  of  the  Great  Sf/st^m, 


'   K(>wcciiian  System. 


Eozoic  Great  System.  ^ 


Iliironian  System. 
Tjaiircntian  Svstem. 


Tiie  name  Azoic  was  applied  to  rocks  older  than  the  lowest 
known  fossiliferous  strata  by  Messrs.  Foster  and  Whitney  in  their 
Government  report  on  the  Mineral  Region  of  Lake  Superior.  By 
Sir  William  Logan  and  his  associates  rocks  holding  this  position 
in  Canada  were  divided  into  Laurentian  and  Huronian,  from  the 
Laurontide  Hills  and  Lake  Huron.  Very  much  discussion  haa 
been  subsequently  had,  and  is  still  in  progress,  respecting  the 
classification  of  these  prc-Cambrian  rocks;  and  this  has  acquired 
n(^\v  interest  in  connection  with  the  public  surveys  still  in  pro^ 
ress  in  Mimiesota,  Wisconsin,  and  Michigan.  Western  studies 
seem  to  have  estai)lished  the  existence  of  a  Copper  Bearing  (Ke- 
w(ienawan  or  Keweenian)  Series  above  the  proper  Huronian  and 
older  (as  is  now  thought)  than  the  Cambrian.  This  System  we 
accordingly  introduce  here,  for  the  first  time,  we  think,  in  any 
text-book. 

At  the  same  time,  this  arrangement  must  be  regarded  aa 
provisional.  It  will  be  shown  in  the  next  Section  that  an 
*' Acadian ''  or  "St.  John"  formation  is  known  on  the  easten 
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border  of  the  continent,  and  also  in  Central  Nevada,  holding  a 
position  beneath  the  Potsdam  formation.  This  Acadian  is  not 
identified  in  the  Upper  Mississippi  region  ;  and  it  may  yet  be 
shown  that  the  Keweenian  is  its  chronological  equivalent.  Again, 
it  has  very  recently  (September,  1885)  been  shown,  by  N,  H. 
Winchell,  that  Cambrian  fossils  occur  in  the  "  Pipestone  "  of  the 
Upper  Missouri  River.  As  the  pipestone  is  embraced  in  the 
great  Quartzite  formation  underlying  the  Potsdam  in  Minnesota 
and  Wisconsin,  the  evidence  is  that  this  Quartzite  is  Cambrian, 
as  the  present  writer  long  ago  suggested,  instead  of  Huronian, 
as  maintained  by  the  Wisconsin  geologists.  If  so,  it  is  in  the 
position  of  the  St.  John  Slates  of  the  East,  and  may  be  their 
western  equivalent.  Like  the  Keweenian,  it  succeeds  downward 
the  Potsdam  Sandstone;  and  the  question  remains  open,  What 
are  the  relations  between  the  Copper  Bearing  Series  and  the 
Baraboo  Quartzite  ? 

3.  Geographical  Distribution  of  Surface  Exposures,  Eozoio 
rocks  at  present  occupy  the  surface  (1)  in  regions  where  no  later 
sediments  were  ever  deposited  over  them  in  consequence  of  the 
uplift  of  those  regions  above  the  sea  level;  (2)  in  regions  once 
overlaid  by  later  sediments  which  have  been  carried  away  by 
erosions;  (3)  in  places  where  they  have  been  thrust  up  through 
breaches  in  the  overlying  strata. 

Glancing  over  the  Geological  Map,  wo  notice  one  principal 
belt  stretching  from  the  coast  of  Labrador  to  the  region  north  of 
the  Great  Lakes,  and  thence  northwest  to  the  Arctic  Ocean, 
covering  an  area  enclosing  Hudson's  Bay  like  an  arc  of  a  great 
circular  belt.  It  will  be  noticed  that  the  Adirondac  area  is  an 
appurtenance  to  this,  and  that  an  arm  stretches  southwestward 
into  Minnesota.  The  considerable  area  in  Michigan  and  Wiscon- 
sin may  be  regarded  as  simply  an  outlying  patch  of  the  same. 
This  is  the  great  Eozoic  nuclens  of  the  continent — at  least  of  its 
eastern  and  northern  parts.  It  is  the  Great  Northern  Eozoic 
Belt,  We  find  also  an  Appalachian  belt  stretching  from  Dutchess 
county.  New  York,  and,  with  some  interruptions,  from  New 
Brunswick  to  Georgia.    This  is  the  Great  Seaboard  Eozoic  Belt. 
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Over  tho  Koi-ky  Afountaiii  region,  and  westward  at  intervals  aa 
far  as  tli(^  Si(»rra  X(n'ada,  occur  isolated  areas  and  outcropping 
mountain  nuisses  and  rang-es  of  Eozoic  rocks  which  have  been 
larir<'lv  oniici^aled  by  later  sedimentation.  This  is  the  Great 
(-ordUlenni  Eozoic  Area.  Other  detached  island-like  areas  exist 
in  ^rissouri,  Texas,  and  other  regions. 

4  (U'lu'ral  CoHtititutlon  of  th  Great  System,  The  Eozoio 
roc!ks,  as  far  as  accessible  to  us,  attain  an  enormous  thickness. 
NV(i  have  studied  probal)ly  05,000  feet  of  them  —  not  all,  of 
cours(»,  in  one  connected  series.  We  find  them  to  be  almost 
wholly  (crystalline  and  hard.  The  greater  part  are  phanerocrys- 
talliiK^  Nearly  all  known  minerals  are  embraced  in  them;  the 
majority  are  even  restrictetl  to  them.  Here  are  found  in  place 
th()S(^  nietamorphic  rocks  whose  kinds  we  have  already  studied  in 
the  l)(>wlder  frajjments  scattered  over  the  Northern  States.  Here 
i\vi>  tin*  great  masses  of  granites,  gneisses,  diorites,  and  diabases, 
whose  stratification  lias  become  nearly  or  quite  obliterated. 
Here  are  most  of  the  different  species  of  schists.  Here  are  the 
marbles  and  serpentines.  In  these  old  crystalline  rocks  are 
eiKtiost'd  the  great  deposits  of  iron  ore — magnetite,  hsematite, 
titaniferous  iron,  and  Franklinite,  or  zinc-iron  ore.  Here  are  our 
stores  of  graphite  and  soapstone  (steatite  and  parophite). 

Tluise  rocks  show  almost  everywhere  evidences  of  great  dis- 
turbantre.  They  liaye  sometimes  been  tilted  up  at  steep  angles. 
Sometimes  they  are  (juite  vertical.  Very  commonly  later  strata 
rest  on  the  exposed  and  worn  edges  of  tlie  Eozoic.  In  Fig.  38 
we  have  an  illustration.  On  the  left  are  gneisses,  by  dipping  to 
the  left,  and  resting  against  the  central  mass  of  granite,  a.  On 
the  right  are  gneisses,  />,  dipping  toward  the  right  at  a  steep 
angh%  and  resting  against  the  other  slope  of  the  granite  nucleus. 
On  the  upper  edges  of  these  thick-bedded  gneisses  rest  uncon- 
forriiably  the  strata  of  sandstone,  o.  The  latter  are  not  E]ozoio. 
Th<*  gneisses  w(»re  tilted  before  the  sandstones  wore  laid  down. 
A  a('<>h'gi<al  conyulsion  here  separates  two  ages  and  two  forma- 
tions. In  Fig.  lOT  the  horizontal  sandstones,  aS\  are  seen  abutting 
against   the  slopi^  of  the  older  rocks,  Cy  and  the. underlying  and 
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still  older  beds,  Hy  rest  agaiust  broken  edges  of  the  formation,  X. 
The  relation  of  the  Eozoic  to  the  later  formations  is  well  shown, 
also,  in  Figs.  46  and  84. 

The  plication  of  the  Eozoic  strata  is  something  as  remarkable 
as  their  tilting.  The  section  of  the  Wisconsin  rocks,  Fig.  293, 
shows  their  condition  and  their  relation  to  the  higher  rocks.  In 
Mt.  Kearsarge,  Fig.  89,  we  find  another  instructive  example  of 
plications.  In  Fig.  294  we  reproduce,  from  Sir  William  Logan, 
a  section  through  the  Eozoic  strata  of  western  Canada.  Here 
the  crumpled  condition  of  the  strata  is  strikingly  shown.  The 
dotted  lines  are  intended  to  indicate  the  probable  .connections 
of  the  formations. 


Laurentian 


Huronian 


Cambrian 
2  4 


•Silurian! 


Fio.  993.— OsNBRALizsD  SscTiON  ACROSS  THS  RocKs  OF  WISCONSIN.    (ChamberHn.) 

1.  Potsdam  Sandstone.  2.  Lower  Magnesian  Limestone.  8.  St  Peter's  Sandstone.  4. 
Trenton  Limestone.  5.  Galena  Limestone.  6.  Cincinnati  Shales.  7.  Niagara  Lime- 
stone.   8.  Lower  Uelderberg  Limestone.    9.  Hamilton  Limestone. 

5.  Kinds  of  Rocks  and  Economic  Products,  The  Lauren- 
tian System  contains  great  beds  of  granite,  syenite,  and  gneiss, 
with  some  mica-  and  much  hornblende- schist.  Hornblende  and 
pyroxene  are  very  abundant  minerals,  and  with  them  labradorite 
is  one  of  the  commonest  feldspars.  Iron  is  very  generally  dis- 
seminated, both  as  a  chemical  constituent  and  also  as  a  min- 
eral in  the  forms  of  magnetite,  haematite,  and  titaniferous  iron. 
There  are  also,  in  Canada,  three  great  beds  of  crystalline  lime- 
stone (Fig.  294),  with  many  intercalated  layers  of  gneiss  and 
rocks  consisting  largely  of  pyroxene  or  hornblende.  The  lauren- 
tian rocks  were  estimated  by  Logan  at  30,000  feet. 

The  Huronian  System,  as  commonly  understood,  is  composed 
of  beds  of  granular  and  conglomeritic  quartzites,  quartz-schists, 
jasper  and  chert  schists,  and  several  thick  formations  of  diorite 
and  diabase  which  sometimes  pass  into  granites  and  syenites; 
with  also  a  great  thickness,  higher  in  the  series,  of  hydro- mica 
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and    magnesian   schists,  and 
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black  slate  and  ferruginous  schistSy 
terminated  by  enormous  beds  of  mioa  * 
schist,  gneiss,  and  granite.  The  con- 
glomerates contain  rounded  frag- 
ments up  to  a  foot  in  diameter,  and 
with  the  quartzites,  attain  a  thick- 
ness of  2,500  feet.  The  great  iron 
deposits  of  northern  Michigan  and 
Wisconsin  are  associated  with  quart- 
zose  and  dioritic  rocks,  and  are  com- 
monly regarded  Huronian. 

The  Kewcenian  System  consists 
of  interstratificd  igneous  and  sedi- 
mentary beds.  The  former  arc  mainly 
diabases,  with  some  norites,*  mela- 
phyrs,  and  porphyries;  the  latter  are 
conglomerates,  sandstones,  and  shales 
derived  mainly  from  the  igneous 
rocks.  The  conglomerates  arc  formed 
of  the  debris  of  felsitic  and  quartz 
porphyries,  with  some  from  diabases. 
Some  of  the  conglomerate  fragments 
are  one  or  two  feet  in  diameter.  A 
single  bed  of  coarse  conglomerate  on 
the  Montreal  River  is  1,200  feet  thick. 
The    beds    are    tilted,  but    not    oon- 


*  ThcBc  by  the  WlHCoiisin  and  Miuneeota  gool- 
ogiHts,  fdllowiug  late  Germun  authorities,  are 
termed  *'gabbros''— a  name  which  ought  to  be 
.allowed  to  roct  in  disuse.  (See  pages  68  and  77*  tfali 
work.)  Gabbro  is  defined  in  the  Wisconsin  Report 
H9  follows:  "A  roclc  formed  of  a  plagloeloie  feld- 
i*par  and  Uiallage.  The  feldspar  is  usaally  UUnra- 
dorlte.  The  dlallage  is  little  more  than  a  foliated 
uiigite.  Ufually  more  coarsely  crystalline  than 
diabase.  The  Duluth  granite  is  a  typical  exam- 
ple.'' Xorite  with  them  Is  composed  of  %piagH»- 
clasti  with  hypertithene  or  enstatlte  (similar  to  hy- 
persthene,  but  light-colored).    See  page  TT. 
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torted,  and  metamorphic.  Maximum  thickness  about  45,000  feet, 
of  which  over  15,000  feet  are  sedimentary.  Irving  separates 
them  into  an  Upper  division  wholly  sedimentary  —  mostly  red 
sandstone  and  shale  —  with  a  mean  thickness  of  15,000  feet,  and 
a  Lower  division  made  up  chiefly  of  basic  igneous  rocks  in  many 
sheets,  with  a  thickness  of  25,000  to  30,000  feet. 

Geologists  are  not  united  as  to  the  geological  position  of  the 
great  iron-ore  beds.  Tliose  of  northern  New  York  (See  Figs. 
103  and  104)  and  Missouri  are  commonly  represented  as  Lauren- 
tian,  and  the  similar  beds  in  North  Carolina,  Canada,  Sweden, 
and  Norway  are  believed  to  be  of  the  same  age.  But  the  Pilot 
Knob  and  Iron  Mountain  deposits  are  not  far  remote  stratigraph- 
ieally  from  the  Lower  Magiiesian  (Cambrian)  limestone.  The 
section  through  the  Penokie  Iron  Range,  too.  Fig.  107,  show* 
the  iron-bearing  beds  included  conformably  in  the  Huron ian,  H^ 
while  these  strata  rest  quite  unconformably  against  the  edges  of 
the  Laurentian  strata,  L.  Not  unlikely,  the  rocks  inclosing  the 
iron  ores  of  northern  New  York  will  be  found  to  be  Huronian. 

The  mode  of  occurrence  of  iron  ores  and  other  particulars  will 
be  found  elsewhere  (pages  182,  69). 

The  great  copper  deposits  of  the  Lake  Superior  region  occur 
in  the  Keweenian  series.  They  exist  partly  in  the  igneous  rooks 
and  partly  in  the  sedimentary.  In  tlie  latter,  they  appear  to  be 
mostly  a  secondary  product,  introduced  after  the  sediment  was 
laid  down.  In  some  cases  the  metal  appears  as  an  original  con- 
stituent of  the  conglomerate.  In  the  Calumet  and  Hecla  mine, 
the  most  productive  in  the  world,  the  so  called  vein  is  simply  a 
conglomerate  8  to  12  feet  thick,  lying  between  massive  sheets  of 
trap.  The  native  copper  permeates  the  whole  mass,  and  serves 
as  a  cementing  material.  In  the  trap  rocks  the  copper  is  found 
filling,  either  alone  or  with  other  minerals,  the  amygdaloidal  cav- 
ities which  abound  near  the  lower  and  upper  surfaces  of  the 
sheets,  and  insinuating  itself  into  the  other  cavities  and  fissures. 
Sometimes  the  filled  fissures  assume  the  characters  of  true  veins. 

From  rocks  of  Laurentian  age  comes  most  of  the  graphite  of 
the  world.     (See  Part  I,  Study  XIII.)    They  afford,  also,  apatite, 
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used  ill  agriculture;  renssolierite  or  steatite, 

r  sDiipstonc,  niul  cut  into  slitbs  for  cliimnoy 

pieces,  t'urnaCB  linings, 

^J"^   .  ■■:;.._  nnd  foot  warmers,  and 

^  \      ."■"., ^^j^  ua(^(l     also     for     iiik- 

.^_h';'     \\'/.'     .*    ^.  stiuids;  paropliite,  an 

■'.            ''     ■','*'/  aluminous    rock    used 

/  for  inkstands;  beds  of 

nphutas.^iis.  FncM  THK  marble.       Formatione 

^.lUTiit'T.AMiiiPTiiK  I'rui-  pcHiaps   Utef  in  the 

"'"*"'^"  scries    contain    slates 


ill!  and  zinc  ores. 
iiiiiii-  IteiwihtA.     The  great  deposits  of    iron  ore  and 
iLve  loiiff  hecn  regarded  as  evidence  of  the  presence  of 
in  earlv  in  the  Eozoic  /Kon.     But   no  organic  forms 
in  the  I^urcntian  or  Hnronian  Rvstems  except  Bozoon. 
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Of  this  enough  has  already  been  said  (pages  318-320).  In  the 
Keweenian  sandstones  of  the  north  flank  of  the  Porcupine  Mount- 
ains Dr.  D.  Houghton  collected,  many  years  ago,  some  remains 
which  appear  to  belong  to  marine  plants,  and  these  the  author 
has  described  as  Palwophycus  arthrophyciis  and  P,  articulattts. 
They  are  quite  as  definite  in  form  and  characters  as  any  pre- 
viously described  from  the  Cambrian.  A  representation  of  one 
of  these  is  shown  in  Fig.  295. 

\^  %  3.     The  Cambrian  System. 

1.    Divisions,  Subdivisions,  and  Ihrnis. 

OAMBBIAN    SYSTEM.     [Formations  named  in  natural  order  of 
sequence  downward.     Numbering  is  from  below.] 
III.    Trenton  Group  (4). 
3.  Cincinnati   Stage   {4c).     The  Hudson  River  shales  and  slates; 
Lorrain  shales  of  New  York;  Nashville  Group  of  Tennessee. 

2.  Utica  Stage  (4J). 

1.  Trenton  Stage  (4o):  (3)  Trenton  limestone;  Galena  limestone  of 

Illinois;    Lebanon  limestone  of  Middle  Tennessee.     (2)  Black 
River  limestone.     (1)  Birdseye  limestone. 
II.    Canadian  Oroup  (3). 

3.  Chazy  Stage  (3c).    Chazy  limestone,  New  York  and  Canada. 

2.  Quebec  Stage  (3J).    Canada,   near  Quebec;    shales,   limestones, 

and  sandstones,  Newfoundland.    Part  of  Knox  Group,  Tennes- 

1.  Calcifebous   Stage    (3a).     Northern   New  York.     Lower  Mag- 

nesian  limestones  of  Mississippi  valley;  St.  Peters  sandstone, 
Wisconsin  and  Illinois;  Knox  sandstone.  East  Tennessee. 
I.    Primordial  or  Potsdam  Group  (2). 

2.  Potsdam  Stage  (2b)     Sandstone  of  Northern  New  York,  of  the 

south  shore  of  Lake  Superior  east  of  Keweenaw  Point,  and  most 
of  that  of  Minnesota  and  Wisconsin.  Chilhowee  sandstone  of 
Tennessee.  Georgia  slates  of  Vermont. 
1.  Acadian  or  St.  John  Stage  (2a).  St.  John  Group  of  New  Bruns- 
wick; beds  of  St.  Johns  and  elsewhere  in  Newfoundland;  slates 
of  Braintree,  Mass. ;  Ocoee  conglomerate  and  slates  of  Eastern 
Tennessee  and  North  Carolina. 

The  term  "  Cambrian  "  has  been  employed  in  various  swises, 
and  not  unfrequently  as  equivalent  to  what  is  here  denominated 
"Primordial."     The  sense  here  employed  is  that  announced  by 
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the  Direotor  of  the  United  States  O«ologi(»l  Snrr^  am  tke  oa^t 
adopted  for  official  use.  (Report  of  the  Direotor  for  1881,  pagft 
xlviii.)  It  is  equivalent  to  "IjOwer  Siluriui"  oa  empli^sd  tiD. 
recently  b}*  most  Ainerioan  geologiats.  The  name  itMlf  oqiiim 
from  Cambria,  the  anoient  name  of  Walea,  and  itaa  fint  lued  bj 
Sedgwick  for  foasiliferous  rooks  older  tbui  those  by  HuiohiMW 
denominated  "Silurian,"  from  SUuret,  the  dengii«tion  of  th» 
ancient  inhabitants  of  Wales.  "  Primordial "  was  employed  bj 
Barraiide  for  the  lowest  foasiliferous  sone  of  Bohwnm.  **Poto- 
dant "  is  so  named  from  Potsdam,  in  New  York,  and  tlic  utlier 
teniia  are  geographical  in  their  ori^n,  requiring  no  explanation, 
it  being  as  a  rule  understood  thst  a  locality  or  rpgiou  giving  its 
name  to  a  formation  is  one  at  which  the  formation  was  first  sci- 
entifically described  and  defined  with  the  limitations  now  employed 
by  geologists.     (See  Chap.  11,  g  4,  3  (6).) 

'Z.  Geographical  BkUnHon.  Turning  to  the  Geological  Map, 
we  find  the  Cambrian  strata  generally  restiiig  against  the  flanks 
of  the  Eozoic  hills  and  mountains.  Thus,  in  Canadn  the  valley 
of  the  St.  Lawrenoe  River  is  underlaid  by  Cambrian  strata.  A 
large  basin,  includiag  Montreal  and  Ottawa,  indents  the  Eozoic 
area,  and  a  belt  of  these  rooks  sweeps  around  the  Adirondao 
region,  crossing  the  St.  Lawrenoe  at  Ogdenibnrg,  bordering  Lake 
Ontario  on  the  north,  passing  under  Creorginn  Uay,  rising  above 
the  surface  on  the  chain  of  Hanitoulin  Islands,  sweeping  from 
St.  Marie's  River  to  Marquette,  thenoe  passing  south  westward 
around  the  Michigan- Wisconsin  Eoioic,  an<l  expanding  south- 
ward over  southern  Wisconsin,  and  northwestward  to  Minne- 
apolis, and  beyond.  In  the  valley  of  the  Ri-d  Hivcr  the  Cum- 
brian reappears,  and  stretches  far  toward  the  iiorthwESt.  A  Urge 
part  of  Vermont,  New  Hampshire,  and  Miiine  is  occupied  by 
Cambrian  and  Silurian  rocks.  These  strati  come  to  the  surface 
over  a  large  area,  embracing  the  cities  of  Cincinniiti,  Madison, 
Frankfort,  and  Lexington  (Ky.);  also  over  anothrr  area  embrac- 
ing Nashville,  Lebanon,  Columbia,  Franklin,  and  Murfrcesbnro 
in  Tennessee.  An  important  belt  of  Carobiiitii  and  Silurian  undi- 
vided is  involved  in  the  folds  of  the  Appalac^hlan  Mountains.     In 
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aoutheastem  Missoun  is  a  oonaiderable  area  stretching  over  into 
Indian  Territory 

3  The  Continent  at  the  Jiegmmng  of  the  Cambrian  Age. 
At  tht*  beginning  of  the  Eozoic  Man  —  that  is  when  the  sedi- 
ments began  to  be  deposited  which  were  destined  to  form  the 
rocks  of  the  Eozoic  Great  System,  the  regions  now  occupied  by 
those  rocks  must  necessarily  have  been  under  water  If  there 
were  any  Ian  \&  existir  g  whose  wastage  dunng  Eozoic  time  sup- 


Fm  tCI— North  Ameii  ca  }^EAn  tbe  Clobe  ori 

publications  of  tbe  Canadian  Survey  and  tlie  gene 
Report  on  the  4D[h  Paiallcl  Sarrej. 

plied  materials  for  Eozoic  sediments,  we  do  not  know  where  they 
were.  They  seem  to  have  been  completely  obliterated.  If  we 
were  to  represent  America  at  the  beginning  of  Eozoic  time,  we 
could  only  represent  an  expanse  of  water.  At  the  end  of  the 
Eozoio  Mou,  however,  uplifts  took  place  ;  dry  lands  appeared. 
More  likely,  numerous  uplifts  had  taken  place  during  the  progress 
of  the  Elozoic. 
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It  will  be  noticed  that  the  continent  of  Cambrian  time  con- 
sisted of  three  great  nuclear  areas,  corresponding  nearly  to  the 
irreat  lOozoic  areas  already  pointed  out  in  existing  surface  geol- 
oiry.  (1).  The  Great  Northern  Area.  This  was  arcuate,  stretch- 
iiiL''  from  th(^  retrion  of  the  Great  Lakes  northwest  to  the  Arctic 
ocean,  and  northeast  to  the  coast  of  Labrador,  or  perhaps  far  be- 
yond. ('I)  TIk^  Seaboard  Area.  This  seems  to  have  stretched 
from  New  Brunswick  southwestward  to  Alabama,  with  a  breadth 
varying  from  ?.">  to  1)25  miles,  diminislied  in  the  latitude  of  New 
Jers(*y.  There  are  reasons  to  suppose  its  breadth  was  much 
greater  on  th(^  eastern  side,  and  that  it  continued  over  Nova 
Scotia  and  Newfoundland,  (o)  The-  Great  Cordilleran  Area. 
Tliis  spread  uninterruptedly  in  width  from  the  western  border  of 
Great  Plains  into  western  Nevada.  It  was  probably  750  miles  in 
brea'lth,  but  its  extent  nortii  and  south  has  not  been  ascertained. 
This  land  was  a  great  mountain  system,  displaying  lofty  ranges 
mad(i  t)f  crumpled  strata,  enormous  precipices,  a  result  of  me- 
chanical dislocations,  and  finally  a  type  of  mountain  sculpture  of 
such  broad,  smooth  forms  as  to  warrant  the  belief  that  subaerial 
erosion  ha<l  nevcir  carved  and  furrowed  the  mountain  flanks  with 
the  sharp  ravines  characteristic  of  modern  mountain  topography. 
'I'lu^  t!vi(len(»es  on  which  these  conclusions  are  based  will  be  par- 
tially disclose(l  in  d(?scribing  the  results  of  later  geological  actions 
in  the  sanu^  reiiion.  This  massive  belt  of  Eozoic  Cordilleras  deter- 
miiMMJ  the  limits  of  the  modern  (/(irdilleras,  and  very  much  of  the 
details  of  their  fundamtMital  structure. 

This  was  the  beginning  of  the  Cambrian  Age.  This  was  the 
extent  and  eoiiliguration  of  the  lands  when  Cambrian  sediments 
beiiaii  to  aeeumulale.  These  were  the  continental  nuclei.  The 
St  lit  1«  Mil  will  particularly  notices  that  the  continent  of  the  begin- 
ninn'  of  Cambrian  time  was  formed  of  Kozoic  rocks.  In  that 
sense  w<'  may  speak  of  it  as  the  Kozoic  continent. 

It  will  i)e  observed  that  the  mapj)ing  of  an  ancient  continent 
is  riiiieli  more  than  the  mapping  of  the  rock  exposures  of  the  cor- 
res|^.)rl(li^^•  age.  If  it  were  not,  we  might  get  a  map  of  America 
at   tin'  begiiniing  of  any  Age  —  the  Carboniferous,  for  instanoe. 


FOBMATIONAL   GEOLOGY.  373 

by  simply  taking  a  geological  map  and  ookunng  out  all  the  Car- 
boniferous and  newer  formations.  But,  to  illustrate  the  uncer- 
tainty of  such  a  method,  let  us  suppose  the  upheaval  of  the  Sea- 
board Eozoic  took  place  after  the  Carboniferous  Age,  instead  of 
at  the  end  of  the  Eozoic.  Such  may  easily  have  been  the  fact, 
especially  as  we  know  that  was  the  epoch  of  Appalachian  up- 
heaval. The  Appalachian  Eozoic,  therefore,  should  not  appear 
on  a  map  of  the  continent  as  it  was  at  the  beginning  of  the  Car- 
boniferous Age.  There  are  geologists  who  would  leave  it  off; 
but  we  think  evidences  exist  that  a  great  mass  of  Eozoic  dry 
land  stretched  along  the  place  of  the  present  Atlantic  seaboard, 
as  represented  on  our  chart.  Fig.  297.  As  it  will  be  necessary 
hereafter  to  speak  of  that  land,  we  may  at  once  designate  it  the 
Seaboard  Land. 

4.  Cambrian  Rocks  and  Minerals,  By  reference  to  the 
Table  at  the  beginning  of  this  Section  it  will  be  seen  that  the 
best  known  formation  at  and  near  the  base  of  the  Cambrian  is 
the  Potsdam  Sandstone.  This  formation  varies  from  friable  to 
hard.  It  is  generally  somewhat  coarse-grained,  and  free  from 
argillaceous  matter.  Its  color  is  grayish,  or  reddish,  or  mottled. 
The  student  should  fix  his  attention  upon  this  fundamental  mem- 
ber of  the  Cambrian.  It  may  be  well  to  refer  here  to  the  Cycle 
of  Sedimentation,  explained  on  page  268.  Often  the  Potsdam 
Sandstone  rests  directly  on  the  Huronian  or  Laurentian.  This 
relation  is  well  shown  in  Fig.  107,  where  S  is  the  Potsdam  Sand- 
stone ;  as  also  in  Fig.  55,  where  P  is  the  sandstone  and  £J  the 
underlying  Eozoic.  Fig.  38  illustrates  the  same;  and  this  may 
be  considered  a  section  across  the  Adirondac  region,  c  being  the 
Potsdam  Sandstone  resting  on  the  eroded  stumps  of  the  Eozoic 
gneisses  and  schists.  Tracing  the  Potsdam  Sandstone  thence 
along  the  border  of  the  Cambrian  lying  nearest  the  Eozoic,  we 
find  it  in  Wisconsin  lying  horizontally  upon  the  ruggedly  eroded 
surface  of  the  Huronian.  Fig.  298  is  a  very  interesting  illustra- 
tion of  the  contact  between  the  two.  The  Potsdam  Sandstone 
lines  the  south  shore  of  Lake  Superior  from  the  Sault  to  Ke- 
weenaw Point,  and  forms  the  celebrated  scenery  of  the  "  Pictured 
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■t  of  Ki'weonaw  I'oint  iiiost  of  the  sandstone 
ci'iiiiiii;  but  at  IJtiylicld  niid  at  the  Apostles' 
:il  suciilwlDiie  is  i'otsiUiii.  'I'lie  ronnatioii  out- 
iii  till'  llln<-k  IlilU  *>(  Diikotti,  siitTuuuaiiig  the  Eozoic 
It  is  ixlfiisivriy  [lcvfhi|ii.'il  along  tliu  Appalachian 
-tlio  sillies  mill  suniWloncs  iiiliiitiitig  a  thickness  of  3,300 
111  I'JiLst  'iVniii  ssec  saiitl.sloiii-s  unci  shules  several  thousaud 
i,-li:  an-  ihs.-.il.fil  l>y  PalTor.i  —  ChiUiowce  sandstone  rest- 
Oooi'c  ciiufilcniii'nKi's.  saiiilHtoiics,  and  micacons,  talcoae, 
iirili<-  sl.ilcs.  ThcKo  ciilcT  inudlic  Unaka  Hnnge,  as  shown 
o'.i.  1'tii'  rMnniiiioi)  i^  known  in  the  Big  Hon)  Mountains, 
h.-iul  of  l'..w-(l(T  River,  along  the  Wahsateh,  Teton,  Madi- 
.1  (!all:itin  ilangi's,  also  in  Central  Nevada  and  other  regions 
I'lir  \\\-st.     'rill'  face  of  a  Totsdani  oliff  on  the  Upper  Mia- 


'ANiii-Ti.st:  A-ii)  THE   IIirnosiAN  tji.iiTETTK.    (B.  U.  Irving.)    B, 

I/.  Ili'vU'K  XiD-c;  It',  Wihrcinein  Diwr.  Fcjinnillii);  Sauk  from  Colnni- 
[irlh  gnanxll*  Itnn^'i  ft.KnnthQiinrtzito  Itan)^:;  if,  rotidHin  Sutd- 
■r  iKiriioiiK  iif  rot-uluni  ftniuMinip;  g,  I.uwcr  Mnj^i'tlan  LltnestODa; 
.  Ihi:  lIiiurlKllo  rcftnril  lii,  |uie«  3(3. 

in  Groii])  rcprcM'iits  the  approach  oC  liinestone- 
■tta,  l>iit  nut  their  fnll  advent.  The  strata  of  the 
I  a  ca leu !■(■(> us  sandstone  below,  to  an  arenaceous 
—  the  Clia/.y.  TIkw,  in  (he  Montreal  basin,  un- 
cvi'lcipnicnt,  and  cnnstitulc  an  ai^illo-calcareous 
ii'lieo")  (>r  looal  inipurtancc.  In  the  Mississippi 
wff  Magncsiim  Limestone"  holds  position  here. 
,  ('(iiirKf,  or  •rrannlar  limestone,  well  developed  in 
ri  and  alimg  the  Mississippi  north  of  Dubuque. 
■aranco  presented  by  these  two  formations  in  tb« 
i.ssissippi  is  shown  in  Fig.  300.    The  usual  erosion 
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of  the  underlying  sandstone  is  shown  in  Fig.  36,  which  also  shows 
oblique  laminations  —  more  clearly  shown  in  Fig.  195. 

In  the  valley  of  the  Upper  Mississippi,  the  Lower  Magnesian 
Limestone  is  succeeded  by  a  whitish  friable  sandstone  known  as 
the  St.  Peters  Sandstone,  which  attains,  in  places,  a  thickness  of 
300  feet.  It  is  sometimes  regarded  as  a  western  representative 
of  the  Chazy  formation.  In  truth,  however,  the  Calciferous, 
Quebec,  and  Chazy,  all  together,  occupy  the  interval  held  by  the 
Lower  Magnesian  Limestone  and  St.  Peters  Sandstone  st  the 
West. 


The  central  and  characteristic  mass  of  the  next  Group  is  cal- 
careous—  the  great  Trenton  Limestone,  named  from  Trenton  Falls 
on  the  East  Canada  Creek  in  Central  New  York.  It  stretches 
along  the  middle  of  the  Cambrian  belt  of  strata  as  formerly 
traced,  into  the  Upper  Mississippi  region,  and  northward  past 
Winnipeg.  The  Galena  Limestone  of  Illinois,  Wisconsin,  and 
Iowa  is  the  upper  part  of  the  Trenton.  Its  thickness  in  the 
great  Montreal  basin  is  800  feet;  in  the  Mississippi  valley,  100  to 
300  feet;    in  the  Appalachians  it  amounts  to  3,000  feet.     The 
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nti  nr  lluilsnii  liivoi'  fornintioii  \s  a  cnicareo-argiUaoeDDB 
iilioiiof  til.- Tn-ntoTi. 

■r  ri'iriuMs  u'lif't'c  (III'  Tri-ntoii  and  Cincimuiti  limeHtoncs 
.riLi)l_v  .■\jic)s.-d  rir.'  Watcrtowri,  X.  V.,  in  tlin  hanks  of  the 
tivi-r:  ill.'  iKii'lli  shi.r.!  <>(  tljo  Maiiitiinlin  IsluTids;  the  west 
•f  (IriM'ii  Kiiy  iiriil  Liltlc  Hiiy  ili-  NoqiU't;  sniitl)wpstem 
sin  ami  iinrrliu'i-.slriti  llliti'iis.  iLixl  Konin  pnrls  of  oasteni 
Viiiiia.  The  iiLiire  Canihrian  strata  of  Nevada  art>  re- 
liv  lliip;')-  r.dMII  tV,4  tlii<^k,  aiul  include,  from  below,  the 
t  MuunlHiiL  (^larlzili-  and  I.iiiiostnne,  the  Secret  L'afion 
li..'  Ihnnl.iii^'  l.inu'stonc,  iukI  tli.-  llatnlnii'g  Shale.  The 
1  Linn'stonr,  ni,-xt  in  ord'-i',  ])i-ol>ably  eniliraws  the  Quebec 
ntnii  roninitions.  Tlict  Cambrian  Rtrata  <if  the  Wahsatoli 
in-  iv|io[t.-<l  by  Kill.-,'  l-i.lKHl  f,..-t  thick. 
'■:,•::■<;..,.  /■!v</»As.  Till-  w.-allirrins  of  the  Cambrian  rocka 
in  ^^''isconsiIl  and 
.Mi  til)  esota  has 
n-sidtod  in  niany 
ron  la  rkable  forms. 
Figs.  30  and  32 
liavc  been  cited.  In 
Kin.  300  'he  "  Ilor- 
iii-ts' Neat,"  the  un- 
(k'Hving  sunilstone, 
as  in  other  cases, 
has  worn  away, 
leaving  the  Mag^ 
iiodBii  Limestone 
overhanging.  In 
other  cases  enor- 
mous towera  are 
left  standing  in  the 
'  midst  of  a  pUin, 
showing  how  exten- 
swejit  away.  Kijr.  301  is  an  example 
iiitv,  Minncstota.     Here  the  isolated 
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column  is  over  19  feet  high  above'  the  base,  which  is  itself  ^5^ 
feet  high,  making  the  whole  outlif.r  44  feet  7  inches  above  the 
sandy    plain.     Much    pictur- 
esque   acrnery  results   from 
erosion     of     the     Cambrian 
rocks.  The  "Pictured  Rocks" 
of  Lake  Superior  are  in  the 
Potsdam    Sandstone.       The 
"Didlcs"  of  the  Wisconsin, 
Fig.    29,    are    in    the    same 
formation.        The      "Great 
Chasm  of  the  Au  Sable  "   in 
northern  New  York  ia  cut  in 
the  Potsdam.     The  Treiiton 
T.imestone  ia  the  occasion  of 
numberless  waterfalls,  some 
of      which,     like      Trenton,    ^"'^■^^\;^  c*„„,^« 
Glenn's       and     Minnehaha, 
have    become    classic.     The  "High    Falls"    c 
Lucerne  are  partly  in  the  Potsdam  Sandstone. 
The  examination    of   a  section  along    the 
somewhat  like  that  in  Fig.  303,  shoves  that  th< 
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ments  were  deposited  on  a  deeply  eroded  surface  of  Huronian 
rooks,  constituting  what  has  been  explained  as  a  break  (page 
363)  Erosions  take  place  above  sea  level  or  a  little  below  it 
This  Huronian  surface  seems,  therefore,  to  have  been  dry  land  for 
a  long  period,  after  its  upheaval,  and  before  the  epoch  of  the  Pots- 
dam Sandstone.     During  that  Interval,  sediments  were  aooutnu- 
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lating  in  other  regions.  That  U,  before  the  Potsdam  epo< 
after  tlie  close  of  the  Eosoic,  some  other  formfttioD  n 
in  the  Northwest  —  unleu  the  Keweeaun  fill  the  gap-— w  pr6-  ■ 
duced.  This  intervening  formation  ia  fonnd  at  aevenl  pcnnta  in 
the  East,  and  is  known  as  the  Acadian  Stage,  oonutiiig  ohieAf 
of  slates,  so  far  as  known.  The  Acadian  Stage  is  leoogDiaed 
also  in  tlie  Wahsatoh  and  Great  Basin  regions.  The  Potadam, 
therefore,  was  not  laid  down  over  the  Northwest  until  after  a; 
subsidence.  In  other  words,  a  map  of  the  ooatinent  at  the  be- 
ginning of  Cambrian  time  must  show  more  land  thnii  tlip  prpsont 
exposures  of  Eozoio  rocks. 

A  similar  history  appears  to  have  been  undergone  in  the 
broad  Cordilleran  region  whioh  we  have  mapped  as  land  at  the 
beginning  of  Cambrian  time.  After  undergoing  vast  stib-aerial 
erosions,  during  whioh  marine  sediments  were  accumulating  else- 
where, a  great  subsidence  took  plaoe,  and  the  region  became  an 
archipelago.  This  was  before  the  opening  of  Cambrian  time,  for 
we  find  the  oldest  Cambrian  sediments  deposited  horizontally  in 
the  deep  valleys  of  that  ancient  wasted  surface.  The  entire 
Cambrian  series  was  built  up  in  horisontal  sheets,  and  the  Cordil- 
leran mountain  slopes  were  slowly  bnried.  The  same  orilar  of 
events  continued  through  the  Silurian,  Devonian,  and  Carbonifer- 
ous ages.  The  horizontal  Palfeosoio  strata  abut  against  the 
ancient  slopes;  and  in  one  case  at  least,  aecording  to  King,  they 
rise  30,000  feet  along  a  mountain  aoolivity. 

The  "  Cincinnati  Swell,"  so  called,  ii  an  bpawelliiig  of  the 
strata  causing  dips  east  and  west  from  Cincinnati,  as  shown  in 
Fig.  303.  The  oldest  rooks  are  exposed  in  the  bed  of  the  Ohio 
Biver  and  in  the  amphitheatre  of  hills  surrounding  thr  city. 
Following  the  river  downward  or  upward,  we  reach  outi^rops  of 
formations  suocessively  higher  in  the  series,  and  soon  rise  to  the 
Coal  Measures.  Underneath  the  Trenton  Limestone,  beneath  tlie 
bed  of  the  river,  lies  the  Potsdam  Sandstone,  which  has  been  aetu- 
ally  reached  in  boring  an  artesian  well  at  Columbus.  Tlie  hills 
about  the  oity  are  formed  of  the  thin-bedded  limestoneB  and  shales 
of  the  Cincinnati  Group.    In  central  Tennessee,  rooks  of  the  same 
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age  are  similarly  brought  to  light  by  erosion  (see  Fig.  33),  but 
with  less  of  a  swell  in  the  strata.  The  fossiliferous  limestones, 
clays,  and  shales  of  the  suburbs  of  Cincinnati  are  reproduced  in 
the  hill  slopes  and  river  bluffs  of  Nashville. 


Pio.  303.— Section  across  the  Cincinnati  Swell.  C,  Cincinnati,  a,  6,  Cambrian;  c, 
Silarian;  d,  Devonian;  *,  Waverly;  /,  Carboniferous  Limestone;  gr.  Equivalent  of 
Carboniferoas  Limestone  on  the  easterly  side;  A,  Illinois  Coal  Field;  i,  Appalachian 
Coal  Field. 

6.  Organic  Remams.  The  Cambrian  rocks  generally  are 
well  stocked  with  relics  of  the  life  of  the  Age.  For  the  Potsdam 
Sandstone,  the  Upper  Mississippi  valley  is  the  best  collecting 
ground.  For  the  Trenton  and  Cincinnati  formations,  northwest- 
ern Illinois,  southwestern  Wisconsin,  northeastern  Iowa,  and 
southeastern  Minnesota  are  prolific  regions.  None,  however, 
have  yielded  a  greater  abundance  of  good  fossils  than  the  Cin- 
cinnati and  Nashville  areas.  The  former  includes  Richmond 
and  Madison,  Ind.,  and  Lexington  and  Frankfort,  Ky. ;  the 
latter,  Lebanon,  Columbia,  Franklin,  f^nd  Murfreesboro.  At  all 
the  points  named,  the  surface  of  the  ground  and  the  banks  of  the 
streams  are  strewn  with  fossil  remains  surprisingly  well  preserved. 
Scarcely  less  abundant  or  excellent  are  the  fossils  found  along 
the  western  shores  of  Green  Bav,  and  the  north  shore  of  Drum- 
mond's  Island,  in  Lake  Huron.  Along  the  Black  River,  in  New 
York,  at  Trenton  Falls,  and  in  Centre  county,  Pennsylvania,  are 
also  rich  deposits.  In  central  Nevada,  the  Pogonip  and  Hamburg 
ridges  are  found  fruitful  in  fossils. 

The  study  of  these  remains  shows  that  with  the  dawn  of  the 
Paljeozoic  ^on,  life  was  exceedingly  abundant  in  the  sea;  but 
neither  land  animals  nor  plants  are  indicated,  save  some  probable 
tree  trunks  from  the  Cincinnati  region.  In  respect  to  rank,  these 
animals  ranged  over  all  the  classes  of  invertebrates.  The  Trilo- 
bites,  already  sketched  (page  323),  were  highest  in  rank,  and  most 
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(•<)ris|)i<'U(»iis  in  tli<'  l*riinonlial  IVriod,  and  coDtinucd  throughout. 
< '♦*|)hal<>jM».ls  of  tilt'  ivjn*  of  Or//<or( rtts  wtM'e  perhaps  oqual  in 
iiii|>.>rtari'-«'.  :in<l  were  certainly  dumiiiaiil  in  prowess.  Of  tliese  a 
sketch  has  al><>  hccn  i^ivcn  (paiio  o'^'ij.  It  is  noteworthy  tliat  forms 
iri'licat  iiii;'  iijii<-h  <"'»inj)licat  it)ii  and  difFercntialion  in  structun^ 
CDP.M"  Iroin  a  h<)ri/«»n  as  Idw  as  the  Calcit'crous,  imply  in**",  perhaps, 
thai  simpliT  r<,rrns,  still  nn<lis<M.)vered,  ha<l  Ixmmi  in  existence  diir- 
inn-  |)«'ri')  1>  Ntill  niort'  n.Miiote.  Anionnr  hunihh>r  forms  wore 
( 'rinoids,  heautifui  creatures  which  root(Ml  themselves  in  the  suh- 
niaiiiie  soil,  and  nrew  like  tijiy  animated  ])alms.  I'heso  have  also 
l)een  skeiehtMl  I  |)ai»"e  '-VIA).  But  hesides  these  tvj)es  were  others 
whi«li  |)lay<-d  important  roh-s  in  tlie  plan  of  life  and  the  pro- 
<'(s««<s  «)t"  sedimentation,  ('oral  mak<'rs  of  the  type  of  Polyps 
uei.-  not  coFi'-pi<Mi()us,  e\c<'j)t  /'h.ristr//it  and  ^Sfn/ftr/tf^^maj  Fi^s. 
\'l :  1,  Init  coral  makers  of  thety|)<.*  of  iJryo/.oa  were  tixtreniely 
ai'indaiii  (lurin<i^  the  '['rent<m  l*erio<l.  Individual  animals  were 
e\ti<incly  small,  hut  they  comhined  in  larj^o  numbers,  and  seeret- 
<■  I  'oimI  mas-«es  from  <me  to  ei<i'ht  inches  in  diameter.  Brachio- 
po-U  may  l>e  })ait  icularly  merit  ioiied  as  he<rinniu<r  their  geological 
liisiory  in  forms  n'lated  to  A/y/y//A/,  St  mj  tin  mutt  a  ^  Viwd  Orthis 
hi i'.>r'if'(.  Theses  ha\i^  been  alreadv  ileserihed  and  illustrated 
( St  1 1 . 1 i.  s  X  X  \  1 1 1  and  X  X  X  I  \' ).  Zi/tjosph'tt  tiioilesta  (Fig.  178), 
Oi'f/fis  anJujiHhlnitii  (Kios.  j flD,  K  1 ),  Str<tjthnttnjtta  alteruata 
(I'l--.  I'.M,  I'.'i),  and  Orf/if's  1nj\n'tit^i  (I'ip:-  n>'.5),  are  widespread 
and  characteristic  sp<'cies.  The  ])arti(^ular  features  of  Palteon- 
t".'jv,  however  interesting;  or  important,  must  here  be  passed 
f/\<  r,  li)  !)••  taken  up  in  a  more  advanced  course. 

Til'-  <'\ulMran«'e  of  marine  life  at  an  age  so  remote  tliat,  asido 
I'loii  iv'/oriM,  1)\  some  jh'uied,  it  sec^ns  to  represent  the  very  first 
a<t  ill  lii'i's  drama,  is  a  gieat  fact  which  may  well  astonish  and 
jiionn.t  to  speculation.  We  nnist  remend)er  that  remoteness 
rc'ii;-' s  tilt-  perspectivt^  of  the  (-andirian  to  a  seeming  point  of 
linn.  u!i:h'  it  was  undoubtedlv  nwasurt-d  by  hnnilreds  of  thou- 
sai.i-,  ..|  \.-Mrs.  We  ma\  Ix-ar  in  mind,  also,  that  the  wonderful 
di\(  '-irK'aiioii  of  ('ambrian  ty])es,  even  from  the  beginning,  may 
|.o->.i.,i\   liMVi-   been    |>r()irr(?ssinir  <lurini^  that  lontr  Hnronian  ^*Kon 
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all  traces  of  whose  organization  have  been   obliterated  by  the 
physioal  vicissitudes  of  our  planet. 

§  4.     The  Silurian  System  (* '  Upper  Silurian  "  of  Authors). 

1.  Divisions,  /Subdivisions,  and  Terms. 
III.    Lower  Helderberg  Group  (7). 
II.    Salina  Group  (6). 

1.  Niagara  Group  (5). 

3.   Niagara  Stage  (5c).     (2)  Niagara  Limestone ;  (1)  Niagara  Shale. 
2.   Clinton  Stage  (56). 

1.   Medina  Stage  (5a).     (2)  Medina  Sandstone;  (1)  Oneida  Conglom- 
erate. 

The  Silurian  System,  named  from  Silures,  the  ancient  people 
of  Wales,  was  intended  by  Murchison  to  embrace  all  the  fossil- 
iferous  rocks  under  the  Devonian.  The  progress  of  discovery 
having  extended  downward  our  knowledge  of  such  rocks,  Sedg- 
wick bestowed  the  name  Cambrian  on  those  which  he  regarded 
as  underlying  the  Silurian,  as  originally  known  to  Murchison; 
while  the  latter  designated  them  Lower  Silurian.  Aside  from 
other  considerations,  convenience  requires  a  single  designation 
for  every  group  important  enough  to  stand  in  the  relation  of  a 
**  System."  Hence,  with  good  reason,  the  National  Survey  has 
proposed  the  use  of  these  terms  as  here  employed. 

The  other  terms  employed  in  the  above  table  are  all  of  New 
York  origin,  and  require  little  explanation.  The  Helderberg 
Mountains  are  in  eastern  New  York,  south  of  Albany.  The 
Salina  Group,  named  from  its  productiveness  in  salt,  was  origi- 
nally the  "  Onondaga  Salt  Group,"  from  its  supply  of  brines  m 
Onondaga  county. 

2.  Geographical  Extension.  If  we  start  from  the  Niagara 
River,  which  gives  its  name  to  the  most  important  mass  of  the 
Silurian,  lithologically  speaking,  we  find  this  system  stretching 
eastward  in  a  broad  belt  through  central  New  York  to  the  Hud- 
son River.  Northward,  it  spreads  to  Lake  Ontario;  and  south- 
ward, it  stretches  along  the  valley  of  the  Hudson,  bending  in 
southeastern  New  York  conformably  with  the  trend  of  the  Appa- 
laciiians,  which  it  follows  as  far  as  Georgia.      Westward  and 
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norlh\v«\st\vanl  from  the  Niagara  River,  the  Silurian  belt  stretches 
across  Ontario  to  the  lieadland  separating  Georgian  Bay  from 
Lake  Huron.  It  forms  the  southern  and  principal  part  of  the 
Mjinitoiilin  Islands,  and  borders  the  northern  and  western  shores 
of  Lake  Michigan,  forming  tlie  (^aj)e  which  divides  Green  I3ay 
from  Lake  Michigan,  and  spreading  southward  beyond  Chicago. 
(irccn  Bay  is  thus  the  counterpart  of  Georgian  Bay.  Each  bay 
is  s<panjtc(l  from  its  lake  by  a  promontory  of  Niagara  Limestone. 
A  l)clt  of  im])ortance  surrounds  the  Cambrian  area  whose  centre 
is  at  Cinciiniati,  and  tills  exteixls  northward  to  include  Sandusky. 
(.)thcr  Silurian  strata  an^  exposed  around  the  Nashville  Cambrian, 
especially  on  the  west.  Silurian  roeks  are  known  in  Maine,  and 
otlicr  parts  of  Nt'W  England;  but  in  some  parts,  and  in  regions 
faillici-  toward  the  northeast,  they  have  not  yet  been  completely 
discriniinjitcd  fi-om  tln^  C^imbrian  and  Devonian. 

Tlirouu'hout  tlu^  wlioh^  extent  of  the  Silurian,  the  Niagara 
Limestone  is  the  great  anil  salient  feature.  A  little  acquaintance 
witli  the  physical  features  of  the  eountrv  will  enable  one  to  trace 
this  foiination  by  means  of  the  quarries,  ledges,  and  escarpments 
which  everywhen^  accompany  it  ;  and  when  the  place  of  this 
limestone  is  known,  it  may  be  understood  that  the  higher  groups 
lie  on  the  side  an'uif  f'mm  the  older  formations  —  that  is,  Cam- 
})rian  and  lv)Zoie. 

.').  77/'  (\tnthunt  nt  tin  BeffiiDtimjfpfSilfnudH  Tiuie.  Dur- 
ing" tlie  ('aml)iian  Aa'i'  there  occurred  in  northeastern  America  a 
succession  of  uplifts  of  tin'  sea  bottom;  and  in  consequence  new 
I  Ml  Is  ol'  territory  were  added  to  the  Great  Northern  Land  repre- 
sent i  -1  ill  Vvj:.  '."jL  Speaking  generally,  the  areas  on  the  gcolog- 
it;al  iii.ip  shown  ;is  Cambrian  rose  above  sea  level  during  the 
('anibr'an  An'e,  and  at  its  close.  As  in  th(^  E.ast,  later  geological 
ei'osioii.s  have  removed  some  jjortions  of  the  original  Cambrian 
co\(  riiiu'  the  Lozoic  nuclei  of  the  land,  we  represent  the  land  at 
the  }>*  'ihiiiinif  of  Silurian  time  as  somewliat  more  extended  than 
the  J^t)zoic  and  Cambrian  suifaces  on  the  Geological  Map. 

in  the  Cordilhu'an  region,  on  the  contrary,  the  close  of  the 
Koz«'ic    was    marked    i)\    a   snV)sidenee  of  this  entire  continental 
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limb,  for  the  Cambrian  sediments  are  laid  down  over  the  whole 
of  the  aaoient  eroded  Eozoic  surface,  with  numerous  island-like 
exceptions.  The  subsidence  continued  through  the  Cambrian, 
but  was  greatest  toward  the  west,  where  the  Cambrian  strata  are 
now  thickest.  The  portion  of  the  land  which  supplied  the  sedi- 
ments was  over  western  Nevada  and  the  extreme  eastern  belt  of 
California.  The  great  Cambrian  ocean  east  of  the  Nevada  land 
8  interrujited  only  by  the  rugged  peaks  of  the  ancient  sunken 
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k      wn  by  Camb    : 

In  consequence  of  Cambrian  elevations  in  the  Northern  Land 
and  Cambrian  subsidences  in  the  others,  the  Northern  Land  is  now 
enlarged  on  all  its  borders,  and  has  a  belt  of  Cambrian  sedimenta 
encircling  it  on  the  southern  side,  and  probably  to  a  limited 
extent  around  the  Hudson's  Bay  border  also.     But  the  Seaboard 
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and  Cordiller&n  Lands  haviofj  sabaidod  at  and  since  t)ie  olnae  of 
Eozoic  time,  neither  preoeats  ai  large  an  ana  as  in  tha  WKtf^ 
Fig.  397.  The  Cordilleran  Land,  in  faot,  waa  rednead  V>  ui  uoWr 
pelago  at  the  beginning  of  the  Cambrian  Age,  and  rsmainsd  annh, 
with  even  diminishing  land  araaa,  to  the  beginning  of  the  Siltiriaa 
Age,  as  represented  in  map.  Fig.  SOI. 

It  is  scarcely  neoessar;  to  say  th&t  these  maps  are  merelj 
approximate  and  auggestire.  Where  laud  are&s  subside  tiiey 
carry  out  of  sight  the  visible  eridenoaa  of  subsidence;  and  where 
the.v  rise  it  is  not  always  possible  to  acccrtain  whether  elevation 
attained  was  greater  or  leu  than  the  elevation  existing  at  the 
present  time.  Movements  of  the  kind  here  indicated,  however, 
took  place;  and  what  is  shown  by  these  tentative  maps  of  the 
growing  continent  imparts  general  ooneeptions  wliich  are  correct. 

4.  Silurian  Rockt  and  Minerab.  The  Oiioida  Conglomerate 
at  the  bottom  properly  exemplifies  the  beginning  of  a  new  cycle 
of  sedimentation  (see  page  268);  and  llie  progress  of  it  is  shown 
in  the  succession  of  the  Medina  Sandstone.  But  these  two  forma- 
tions cannot  be  traced  westward  beyond  middle  O-itario.  The 
West  was  too  remote  from  the  soaroe  of  the  sediments,  which 
wits  probably  in  the  decaying  Seaboard  Land;  and  coarse  lu&ts- 
rials  are  replaced  by  &ner,  mostly  oaloareous  deposits.  Tbe  argillo- 
calcareous  strata  of  the  Clinton  Stage  are  seen,  however,  on  the 
Manitoulin  Islands,  and  farther  west  in  Wisconsin  and  Indiana, 
as  well  as  in  Ohio,  Tennessee,  and  other  regions- — always  not  far 
removed  from  outcrops  of  Niagara  Limestone.  The  Medina  Sand- 
.stone  is  a  hard,  gritty,  even-bedded,  reddish,  whitish,  or  mottled 
i-ock,  quite  extensively  quarried  for  buSdiiig  purposes,  especially 
in  the  vicinity  of  Lockport,  X.  Y.  Tte  Clijiton  formation  em- 
braces, westward,  thiok-bedded,  fine-textiired,  aluminous  lime- 
stones, presenting  a  beautiful  appearance,  but  too  retentive  of 
moisture  for  outdoor  arohiteoture.  Bj-  hard  freezing  tliu  blocks 
are  shivered  to  fragmenta  It  includes  important  bods  of  lentic- 
ular iron  ore  in  the  lower  part,  from  th»  Genesee  River  eastward, 
and  forms  valuable  deposits  in  Wieopnsin,  eastern  Tenneesee, 
and  Nova  Scotia. 
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The  Niagara  Limestone  is  generally  a  light  or  dark  gray, 
heavy -bedded  rock,  having  a  semicrystalline  texture.  On  Drum- 
mond's  Island,  and  all  around  the  northern  and  western  shore  of 
Lake  Michigan,  to  Chicago,  the  principal  beds  are  quite  crystal- 
line, but  abound  in  small  crystal-lined  cavities,  which  impair  its 
value  as  a  building  stone.  It  is,  however,  extensively  quarried 
for  building  and  for  limemaking,  a  portion  of  the  formation  being 
free  from  the  defect  just  mentioned.  Beds  especially  adapted 
for  building  are  found  in  western  New  York  and  at  Joliet,  La- 
mont,  and  thereabouts  in  Illinois.  The  celebrated  "Athens  Mar- 
ble," so  called,  is  quarried  near  Joliet  and  Lamont,  and  was  before 
the  "great  fire"  a  favorite  building  material  in  Chicago.  It  re- 
mains in  excellent  repute  at  the  present  time.  Niagara  limestone 
is  extensively  quarried  at  Huntington,  Ind.  In  Chicago  and  that 
vicinity  some  strata  of  the  Niagara  limestone  are  quite  saturated 
with  petroleum,  and  many  fruitless  expenditures  have  been  in- 
curred in  the  attempt  to  collect  this  fluid  in  quantities  of  com- 
mercial importance.  (But  see  Part  I,  Study  XXVII.)  It  is  said 
the  first  artesian  wells  of  Chicago  resulted  from  the  ventures  of 
oil  seekers ;  though  it  is  certain  that  geologists  had  already 
asserted  the  practicability  of  procuring  water,  and  the  impossi- 
bility of  getting  supplies  of  oil. 

The  Saliiia  Group  consists,  in  Central  New  York,  of  tender, 
clayey  marlites  and  fragile  clayey  sandstones  of  red,  gray,  green- 
ish, yellowish,  or  mottled  colors,  constituting  the  lower  half;  and 
above  these,  calcareous  marlites  and  impure  drab-colored  lime- 
stone, containing  beds  of  gypsum,  followed  by  hydraulic  lime- 
stone. A  vein  or  bed  of  dark-green  serpentine  occurs  in  the 
formation,  in  the  city  of  Syracuse,  on  James  street,  and  a  few 
rods  to  the  south.  The  great  feature  of  this  group  is  the  salt 
aud  gypsum  which  it  affords.  (For  geology  of  Salt  and  Gypsum 
see  Part  I,  Study  XXVI.)  Rock  salt  is  now  known  to  have  a 
wide  distribution  through  the  Salina  in  southwestern  New  York, 
Ontario,  eastern  Michigan,  and  western  Michigan.  At  Marine 
City,  on  the  River  St.  Clair,  it  is  found  over  115  feet  thick,  at  a 
depth  of  1,633  feet  to  1,748  feet  from  the  surface;  and  an  enor- 
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inous  niaiiufacture  of  salt  lias  been  established  by  first  dissolving 
tilt'  vork  salt  bv  foicin<i:  down  clear  water  from  the  St.  Clair 
Kivtr,  an<l  afterward  evaj)oratinir  tlie  brine  by  means  of  steam 
pipt's.  i^ock  salt  is  also  found  of  <rrt»at  thickness  at  Manistee, 
[^udin^toii,  and  Muskegon,  on  the  west  side  of  the  state.  Near 
(Todcricrji,  ( )ntario,  1*^0  foot  of  rock  salt  are  found  in  520  feet  of 
strata,  down  to  a  tlcpth  of  1,517  U'oi,  In  Ontario  rock  salt  is 
obtained  at  a  <leptii  somewhat  over  a  thousand  feet,  at  various 
points  stnlehinj^  from  Kincardine  on  l^ako  Huron,  on  tiie  north, 
to  Dawn,  near  J^ake  St.  Clair,  on  the  south.  In  Western  New 
V(jrk  rock  salt  has  l)een  found  at  depths  generally  a  little  over 
IJKIO  let^t  at  various  localities  in  Wyoming,  Livingston,  Ontario, 
\'at(s,  Sem'ca,  and  Cayuga  counties  —  that  is,  from  tlie  centre  of 
Wyoming  county  eastward  to  Aurora,  on  Cayuga  Lake.  The 
salt  IkmI  ranges  from  TO  to  Si^  feet  in  thickness.  No  rock  salt  has 
been  found  by  boring  at  Syracuse  to  the  depth  of  1,961)  feet. 

(iypsuni,  also,  is  (piarried  extensively  in  Cayuga  county,  New 
\'ork.  It  outcn)ps  on  the  lak(^  shore  at  Little  Point  au  Chene,  a 
few  miles  west  of  Mackinac.  The  gypsum  of  Sandusky  Bay,  of 
Cavuua,  and  Ontario,  is  of  the  same  age. 

The  1  leiih^rberg  Croup  —  originally  Lower  Ilelderberg  —  con- 
sists of  a  series  of  shales  and  shaly  limestones  and  proper  lime- 
str)nes,  d<^veloped  es})ecially  in  the  ilelderberg  Mountains,  but 
extending  westward,  with  diminished  thickness,  to  Syracuse, 
i:5iilValo,  and  western  Ohio.  It  is  known  also  in  Indiana,  southern 
Illinois,  and  other  Western  States.  The  formation  extends  south- 
w;ii«l  aionL'"  tlie  Ajipalachians;  and  is  known  in  Massachusetts, 
New  I  liniip>hire,  Maine,  Xova  Scotia,  and  New  Brunswick.  It 
is  lamous  for  its  production  of  hydraulic  limestone,  which  sup- 
plies tin'  hulVah)  Cement  Works  and  numerous  other  establish- 
in*  nt^  in  New  \'ork  and  Ohio.  The  formation  also  contains  gyp- 
sum. 

r».  Kms'uut  I'rffft/ns.  Begirming  again  at  the  Niagara  River, 
in'iw  its  mouth,  a  high  escarpment  is  found,  which  runs  eastward 
parallel  with  the  sliore  of  Lake  Ontario.  At  Lockport  the  Erie 
(^anal   eros^-es   it,    giving  occasion   for   the  "locks"   which    give 
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name  to  the  city.  At  Rochester  it  is  crossed  by  the  Genesee 
River  at  the  "  Falls."  The  great  gorge  of  the  Niagara  River  is 
cut  back  through  this  escarpment  for  about  seven  miles.  A  fine 
section  of  the  Silurian  strata  may  be  seen  along  the  walls  of  this 
gorge,  and  they  are  shown  in  diagram  in  Fig.  305.  This  diagram 
mostly  explains  itself.  The  lower  part  is  supposed  to  be  joined 
on  at  the  right  hand  extremity  of  the  upper  part.  The  student 
will  be  able  to  trace  the  surface  of  the  water  from  Lake  Ontario 
over  the  Falls  and  Lake  Erie  to  Lake  Michigan  and  Chicago.  At 
Cleveland  is  seen  the  high  bluff  on  the  south  shore  of  Lake 
Erie;  and  here  is  a  break  in  the  diagram,  in  consequence  of 
changes  in  the  direction  of  the  section,  and  in  the  direction  of 
the  dip  of  the  strata.  Other  features  of  the  diagram  will  be 
referred  to  in  connection  with  post-glacial  history. 

The  position  of  the  Falls,  now  150  feet  high,  indicates  to 
what  extent  the  gorge  has  been  excavated  back  from  the  escarp- 
ment. We  see  the  water  precipitated  perpendicularly  over  the 
brink  of  the  thick-bedded  Niagara  Limestone.  The  reaction 
against  the  underlying  shale  results  in  its  erosion.  The  limestone 
thus  undermined  breaks  off  by  piecemeal,  and  thus  the  Falls  re- 
cede at  the  rate  of  about  three  feet  a  year.  Within  thirty  or 
forty  years  the  aspect  of  the  Falls  has  changed  materially. 
Within  the  memory  of  a  generation,  "  Table  Rock,"  as  shown  in 
the  cut.  Fig.  306,  was  a  great  curiosity  and  point  of  interest  at 
the  Falls  on  the  Canadian  side.  But  it  has  fallen  into  the  abyss. 
Great  encroachments  have  also  been  made  on  Goat  Island. 

6.  Organic  Remains,  The  life  of  the  Silurian  was,  in  gen- 
eral, a  continuation  of  the  types  of  the  Cambrian.  The  Silurian 
genera  and  species  of  the  Cambrian  families  showed  the  progress 
of  those  changes  which  express  slow  organic  advance.  The  forms 
were  less  archaic,  and  less  removed  from  the  aspects  of  the  mod- 
em world.  Corals  and  Crinoids  became  more  abundant.  The 
JFavosites*  family  was  developed  under  multiplied  generic  and 
specific  forms.  Some  of  these  are  illustrated  in  Figs.  144,  145, 
146,  148,  and  149.  Rugose  corals  also  underwent  important  ex- 
pansion, but  their  fullest  development  was  yet  future.     Cham- 
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bered  Molluscs  diminished  in  numbers  and  in  size;  but  the  coiled 
genera  became  ratlier  more  abundant.  Other  classes  of  Molluscs 
increased  in  relative  numbers.  Trilobites  were  shrunken  in  num- 
bers and  in  bulk.  One  of  them  is  represented  in  Figs.  3/i9  and 
S30,  and  is  to  be  contrasted  with  the  Cambrian  Trilobite,  Fif^. 
228.  The  Silurian,  however,  witnessed  the  introduction  of  a  type 
entirely  new.  This  was  the  important  type  of  Vertebrates. 
According  to  the  established  method  of  succession,  they  were 
aquatic  breathers;  they  were  low  in  the  Stem  or  Sub-Kingdom, 
and  were  "comprehensive"  forms,  like  all  primitive  types.  Some 
description  of  them  has  been  given  at  pages  SSl-SSS.  Further 
palicontological  details  must  be  passed  by. 


§  0.     The  Devoniaa  Syatem. 

1,    Divisions,  Subdivisions,  and  Terms. 
V.    O&tskill  Oroup  (13),    Catskill  R«d  Sandstone  [maf  he  I 

iferous]. 
IV.    Cbemimg:  Oroup  (11). 
2.   Cbemuko  Staqe  (HA), 
].    PoBTiOB  Staab  (11a), 
III.    Homiltoa  GFroup  (10).  \ 

&   Genbsee  Stage  (lOe),  Tennestie«  Black  Sbale.     Huron  Shale 
0(  Ohio.  J 


Erie  Shale  of  Ohio. 
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2.  Hamilton'  Sta(!K  (\{)h). 

1.  Mahcki.ms  Sta<;k  (lOr/i.  Marcollus  Black  Shnl»\ 

II.  Comiferous  Group  (0). 

0.  <'<)HNJFi:K<)rs   ami  Onondat.a   Limkstones    (Or)    (='* Upper  Helder- 

Iht^  (iroiij)"). 
'J.    ScinniARii:  (iRiT  (0//). 

1.  ('\ri)\-«JALLl  (Jkit  ll)r/i. 

i.     Oriskany  Group  (^).     (>riskaiiy  Saiulstoiio. 

\^y  some  tin"  ( )riskany  is  regarded  rathor  as  Silurian  than 
I)«'vniiiaii.  Palav)nt()]o<rically  it  has  some  aflinities  with  Niagara 
forms,  and  also  soiiu*  Devonian  relations.  The  fauna  is  transi- 
tional, as  it  should  he.  Lithologieally,  however,  the  formation  is 
|)lainly  the  l)eoinnin<r  of  a  now  g-eolop^ical  era. 

The  Catskill,  ])hiced  iiero  at  the  top  of  the  Devonian,  in 
^leferenco  to  ])rovailing  nsa^ji^e,  may  very  likely  prove  to  be  the 
hasal  <2:rou|>  of  tin'  Carboniferous  System.  It  is  commonly  re- 
garded as  represent iiifi:  the  Old  Red  Sandstone  of  Scotland, 
which  is  Devonian,  aeoordin<r  to  niost  geologists.  Some  British 
P'olot^ists,  on  the  contrary,  regard  the  upper  beds  of  the  Old 
H(m1  as  Carboniferous;  and  this  is  strongly  evinced  at  Dura  Den 
an<l  Arran.  If  they  are  so,  and  the  Catskill  finds  its  equivalents 
iit  tln'iu — as  tin;  fossils  indieate  —  the  Catskill  becomes  Carbon- 
iferous, and  holds  exactly  the  horizon  of  the  Waverly  (as  qualified 
by  th("  late  Ohio  survey)  and  Marshall  of  the  West,  which,  on 
independ(Mit  paheontologioal  grounds,  may  perhaps  be  parallel- 
ized with  the  Catskill. 

'['h<^  geographical  terms  lu^-e  employed  are  derived  from 
loealitios  iu  the  Stat(;  of  New  York.  " Cornif erous "  comes  from 
ro/*////,  a  horn,  in  allusion  to  the  amount  of  "hornstone"  con- 
tained; or,  ]><Mhaj)s,  in  allusion  to  the  horn-shaped  cup  corals 
which  ai)ound.  *' Cauda-galli,"  signifying  cock's  tail,  refers  to  a 
pi'culiar  fucoid  which  the  formation  contains. 

•i.  nisfrihution  ami  TAtholoqlcial  Features.  The  Oriskanv 
Sandstone  is  mostly  a  purely  silicious,  friable,  rough-looking  rock, 
but  is  a  somewhat  inconsj)icuous  formation,  although  it  accompa- 
nies tiie  other  Devonian  strata  along  the  Appalachians,  and  into 
Ohio,  Indiana,  and   Missouri,  and    attains   a  thickness   of  250  to 
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300  feet  in  southern  Illinois.  A  formation  commonly  known 
throughout  the  West  as  the  "  Black  Shale"  —  a  black,  bitumin- 
ous, argillaceous  shale  —  is  a  very  persistent  and  characteristic 
part  of  the  Hamilton  Group.  Without  much  doubt,  it  is  the 
equivalent  of  the  Genesee  Shale  of  New  York.  The  Marcellus 
Shale  is  a  verv  similar  formation,  with  some  interstratified  lime- 
stones,  and  extends  as  far  west  as  the  Detroit  River,  and  perhaps 
into  Ohio.  The  rocks  of  the  Chemung  Group  are  a  bulky  and 
conspicuous  mass  of  greenish,  yellowish,  and  huffish  shaly  sand- 
stones and  variously  colored  shales,  becoming  in  Ohio  and  Michi- 
gan essentially  a  series  of  clays  and  argillaceous  shales.  They 
represent,  therefore,  a  continuation  of  the  shaly  conditions  begun 
with  the  Genesee  Shale,  and  constitute  with  that  formation  a 
stratigraphical  series  which  is  })hysically  a  unit,  and,  therefore,  in 
Michigan  was  designated  the  "Huron  Group."  The  Chemung 
rocks  (including  the  Portage)  have  a  very  large  development  in 
southern  New  York  and  Pennsylvania,  but  are  deficient  south 
and  west  of  the  Ohio. 

The  most  conspicuous  and  most  persistent  lithological  feat- 
ure of  the  Devonian  is  the  great  central  calcareous  mass.  This 
is  made  up  primarily  of  the  united  Onondaga  and  Corniferous 
limestones;  but  in  Ohio,  Michigan,  and  other  western  states,  as 
far  as  Iowa,  the  Hamilton  formation,  predominantly  argillaceous 
in  New  York  and  Ontario,  becomes  predominantly  calcareous; 
and  since  the  Marcellus  Shale  is  generally  wanting  in  the  West, 
the  Hamilton  and  Corniferous  limestones  unite  in  one  great  cal- 
careous formation.  In  Ohio  and  Indiana  the  formations  between 
the  Corniferous  and  Niagara  limestones  are  also  wanting;  so  that 
the  Hamilton,  Corniferous,  and  Niagara  limestones  are  all  brought 
together,  forming  what  the  older  writers  termed  the  "  Cliff  Lime- 
stone" (Fig.  307).  The  separation  of  all  these  is  now  easily 
effected  by  means  of  their  fossils. 

The  great  limestone  mass  of  the  Devonian  forms  a  conspicu- 
ous feature  in  the  landscape,  traceable  by  a  line  of  quarries  and 
ledges  all  the  way  from  central  New  York  to  Iowa.  Its  position 
is  not  far  from  the  centre  of  the  belt  marked  as  Devonian  on  the 
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(i<"<>l()oit.;il  Map;   but  wost  of  Ohio  the  limestones  make  up   the 
principal  })art  of   this  Ix'lt. 

'i'hf  cconoinical  products  of  the  Coniiferous  are  materials  for 
•  luicklinn'  aihl  for  lniil(lin*r  purposes.  Kor  the  latter  it  is  much 
<Mnpl()y<'(l  in  cj'iitral  and  western  New  Vork,  and  in  northern 
<  )hi()  ami  nntaric^.  Lary-»'  accumulations  of  petroleum  are  found 
in  tin-  (  r-'vicrs  and  caverns  of  the  Hamilton  Limestone  in  Ontario. 
'{'he  ( 'ornilfrous  Umrstone  is  verv  often  fouiul  saturateil  with 
daik  petroleum,  i>ut  no  jM»rmanent  supplies  of  importance  have 
IxM-n  obtained  from  it.  Tho.  most  c(jnsiderable  yields  have  been 
foun-l  at  Ti Isold )urii\  ()nt.,  and  Terre  Haute,  Ind.  Petroleum 
also  accumulates  abundantly  in  the  Chemung  sandstones  of 
^(Mithrrn  New  \  (nk  and  western  Pennsylvania.  (See  Part  I, 
Study  XXiX.)  l''or  buildino- purposes  these  sandstones  possess, 
iicncially,  insullicicnt  coherence.  Beds  probably  the  equivalent 
of  I  he  Cheniunii'  constitute  the  *' Kidnt^v  Iron  Formation"  of 
rn.'UH'li  ('ountv,  Michia'an. 
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!  i...  "!i,  --<(,•:  1  III  rioN  or  Tin.  •'Ci.ikk  Luikstom:''  ov  Ohio. 


;!.  /\rnsn>/f  I')  iitin't  s.  'J'he  Cornilerous  Limestone  has  been 
ill*'  tlieatr<'  of  ii'reat  erosion  alon^"  the  course  of  certain  rivers, 
aii'i  around  the  shores  of  the  (rreat  Lakes.  In  central  New 
\'ork  many  deej)  valh.'ys  like  that  of  Onondaga  Creek,  south  of 
Sviacii^"',  have  bccMi  excavated  in  tli«»  C/orniferous  and  Onondag'a 
i'>n,iai!<)ns.  In  the  vicinitv  of  the  Straits  of  Mackinac  the  Cor- 
iiih-K'Hs   limestone    has    b(»en   eroded   on  a  grand  scale.      A  lofty 
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barrier  onoe  separating  the  basins  of  Lake  Huron  and  Lake 
Michigan  has  been  cut  through.  Tn  the  midst  of  the  passage 
rises  the  Island  of  Mackinac  to  the  height  of  350  feet.  On  three 
sides  the  island  is  bounded  by  precipitous  walls  about  160  feet 
high.  On  the  west,  on  the  Upper  Peninsula  of  Michigan,  is  a 
headland  known  as  Rabbit's  Back,  which  is  the  (continuation  of 
the  limestone  of  Mackinac  Island.  On  the  south,  the  main  land 
of  the  Lower  Peninsula  presents  a  similar  but  less  elevated  prom- 
ontory, and  the  exposure  of  the  formation  stretches  toward  the 
east  and   the  west.     The  whole  n     . 

island   is  manifestly  a  relic  and     rg^x  p^t'r^t/' 

memorial  of  the  destructive  pow-     pf:™/  ?"  J^ir^.i-rf^  .'f-/:r:ZS-i 

er  of  the  elements.     The  waves     '- ^^^""v,li"i^ 

have  beaten  its  precipitous  walh 

and  wasted    them   away  at   un-      thhoi 

equal  rates.     Fissures,  purgato-      ^.^u^ 


Section    Soi-tb 


n  Leint;  c.  Robln- 

>lanil^/.  Congloin- 
'face  of  (ht  Inks. 


opened  at  different  stages  in  the  *'  "  """ 
height  of  the  waters.  In  one  place,  a  veritable  natural  bridge 
stands  swung  at  an  elevation  too  hijrh 
for  the  eroding  agent  to  reach  (Fig. 
On  the  main  plateau  of  the  isl- 
and rises  Sugar  l^&i  (Fig.  310)  134  feet 
:      the 


plain.  The 
pinnacle  of 
the  island  was 
the  site  of  Old 
Fort  Holmes. 
(Compare  also 
305.) 
The  axis  of 
Uke   Huron 

nally  the  trend 
of  the  Corniferous  limestones.      The  lake  shores  present  many 


Fis,  3ia 
SusiR  Loaf,"  MACKniAc  Irl- 
AHD.    CornlCerous  LimeBtoae. 


('as<'•^  ol"  Ik)1(1  oiosion.  Off  Tluinder  Jiay  Island,  in  fair  weather, 
oiir  mav  l<K)k  down  a  subatnu^ous  cliff  ninotv  or  one  hundred 
iVtM,  iiiin  a  dark  ahyss  of  water.  Near  Louisvilk*  was  once  a 
fall  ill  the  Ohio  IJivor,  over  a  lediro  of  (.'orniferous  limestone. 
Tlif  r<tnat  of  tln-M)  ''Kails''  has  roduccnl  them  to  mere  rapids; 
hut  thry  si  ill  prt'scFit  a  lint*  example  of  erosion.  Other  instruct- 
ive (xaiiiplcs  may  l)c  seen  on  the  Mississippi  River  at  Rock 
IslaiKJ,  and  at  the  head  of  Little  Trav(?rse  Bay  of  Lake  Michi- 
Lian. 

1.  Oi'iinnh*  luindins.  In  the  invertebrate  realm  we  find  the 
<'(>ral  type  exeeedinn^ly  augmented  during  the  Devonian.  Great 
coral  i-eels  appear  to  have  been  built  up  somewhat  as  in  modern 
limes.  ( )iie  of  thes(»  is  exposed  at  the  "Falls  of  the  Ohio." 
This  has  hern  a  favorite  collecting"  ground  for  more  than  a  gen- 
eiation.  Here  ai)ound  corals  of  the  types  of  the  Rugosa  and 
Tabulata,  t  h(^  .study  of  which  was  explained  in  Part  I,  Studies 
XXX-XXXIL  A  similar  reef  exists  at  the  head  of  Little  Trav- 
ersr  l>ay,  near  Petoskey.  Here  the  type  of  StroniatoporidiB 
iinderucx'S  a  remarkable  development;  and  this  is  repeate<l  in  the 
sauH»  rorniation  on  the  ()p])osite  siile  of  the  state,  at  Thunder 
l)ay,  and  the  vicinity.  Sfr(u//(ff(tjK»'idft^  make  up  a  large  part  of 
the  r<')  riik*'  masses  forming  the  Hamilton  limestone  of  these 
iiMi-ions.  This  interesting  type  seems  to  have  attained  its  culmi- 
nation in  the  Hamilton  and  Corniferous  periods.  We  have 
(h'xotcd  some  s|)ace  to  its  exposition  and  illustration  in  the  last 
ehai)ler.      See  Figs.  '2*^15-7. 

Ivxaiiiples  of  Devonian  corals  an^  shown  in  Figs.  130—143; 
also   11  »  -ir)S. 

SniiK'  cliaraeteristic  J)evonian  Brachiopods  are  seen  in  Figs. 
K'.l,  H;-j,  lil,\  Ifii;,  p;h,  no,  i;t>,  1T4,  177,  170,  180,  184. 

Some  ciiara<teristii'  Devonian  Fishes  are  illustrated  in  Figs. 
'Ml    '![]. 

A  iiiaioritv  of  the  fossils  furnished  bv  the  Drift  of  the  north- 
-vvesl.rn  states  art?  oi'  Devonian  age. 
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§  6.     The  Lower  Carboniferous  System. 

1.  DivisioiSy  Subdivisio7is,  and  Terms, 

II.  Carboniferous  Limestone,  or  Mississippi  River  Group  (13). 
Mountain  Limestone. 

4.  (Chester  Stage  (13^).  (2)  Knskaskia,  or  Upper  Archimedes  Lime- 
stone; (1)  rentremital  Limestone. 

3.  St.  Louis  Stage  (13c).  St.  Louis  Limestone.  Part  of  Silicious 
Group,  Tenn. 

2.  Keokuk  Stage  (136).  Keokuk  Limestone.  Part  of  Silicious  Group, 
Tenn. 

1.  Burlington  Stage  (13«).  nurlington  Limestone  (?)='*  Michigan 
Salt  Group." 

L  Marshall,  or  Waverly  Group  (12).  "  Kinderhook  Group,"  of  111.; 
"Yellow  Sandstones,"  of  Iowa;  "  Chouteau  "  and  "Lithograph- 
ic" Limestones,  of  Mo.;  "Goniatite  Limestone,"  of  Rockford, 
Ind.;  "  Silicious  Group  "  (lowest  beds),  Tenn.  As  before  stated, 
the  Group  may  be  the  western  equivalent  of  the  prior-named 
"Catskill." 

The  Lower  Carboniferous  Series  is  frequently  designated 
"Sub-Carboniferous";  but  as  this  term  necessarily  signifies 
"  under  the  Carboniferous,"  it  is  etyinologically  inadmissible, 
since  the  Series  is  universally  recognized  as  a  part  of  the  Carbon- 
iferous. The  term  Carboniferous  signifies  coal-bearing;  in  fact, 
however,  the  great  coal-bearing  strata  in  many  parts  of  the  world 
are  Mesozoic,  or  even  Ca^nozoic. 

The  numerous  local  designations  of  the  lower  Group  origi- 
nated in  the  fact  that  for  years  these  rocks,  in  Ohio,  Iowa,  Mis- 
souri, and  Michigan,  were  regarded  as  the  western  equivalent  of 
the  Chemung;  until,  in  some  regions,  they  were  seen  to  be  so 
clearly  Carboniferous  that  more  thorough  examinations  were 
instituted.  During  the  discussion,  the  formation  in  each  state  — 
not  yet  known  to  be  the  same  formation  —  received  a  local  desig- 
nation. 

The  great  limestone  formation  of  the  Lower  Carboniferous 
Series  may  appropriately  be  designated  the  Carboniferous  Lime- 
stone, since  in  the  whole  Carboniferous  System  it  is  by  far  the 
most   important  and  most   persistent  limestone    mass.      In    the 
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Uiiito<]  Sutes,  it  uii<lorIiei  oliiefly  the  grt'tit  vnlli-y  of  the  middle 
Mississi]i|ii;  and  lietioe  the  preMnt  writor  i>iii7(i  su^f^ested  for  it 
the  "Mississippi  River  Group,"  In  muny  pans  of  Europe  it 
enters  into  the  funnatlon  of  moant&ins,  find  is  commonly  kiiuwit 
as  the  Mountain  Limestone. 

•Z.  Distribution  and  LUhologieal  Ffutiiret.  The  Marahnll. 
or  Waverly  Group,  consiats  in  Miohi^un  und  Ohio  of  rusty,  or 
ypUowisli,  mostly  friable,  sKndstoncs,  beoomin);,  in  the  lower 
beds,  grayisli  or  bluish,  and  at  bottom,  doi^'dt'illy  apgilUceons. 
Locally,  some  of  the  beds  iiro  quite  oalrarii'ous  and  finrly  cement- 
ed. In  Michigan,  the  fomiattoD  oubrops  at  int^Tvals  in  a  broad 
belt  passing  through  the  c<>n(r«l  southern  counties,  and  exti-iid- 
ing  northwest  into  Ottawa  county,  tind  nortlii'aBt  lu  the  lako 
slitirc  (Point  aux  Barques),  in  Huron  county.  In  Ohio  it  stretchits 
fn>in  the  lake  shore,  in  the  vicinity  of  ClevnlaiKl,  southward 
across  the  state  to  W&verly  and  the  Ohio  Kiver,  hi  eastern 
lotvn  the  formation  is  yellowish  or  hiitlrsli,  friable,  and  in  the 
lower  part,  ttr^rillaceous.  In  Miasouii  it  is  muHtiy  ar^illu-calcn- 
renns.  In  soutliern  Illinois,  KentnoUy,  and  IVuncsBe*!,  it  is  iti 
part  !i  dark,  laminated,  silicious  shale. 

Some  of  the  purely  arenaceous  beds  afford  superior  grilstonea, 
of  which  the  Berea  (Ohio)  and  Huron  (Mich.)  griixUlones  urn 
examples.  They  are  equally  in  request  for  building  and  (la^^ing 
purposes.  The  famous  bluestone,  or  freestonn,  of  Oloveland 
and  vicinity,  and  regions  southward  to  Wavcrly,  hrloUAS  hort'. 
The  tine  Nova  Scotia  freestone  is  pralmhly  of  lh«  sain«  a^. 

The  Carboniferous  Limestone  Giniiji  is  almost  exeluMvc-ly 
oalcareou.s.  The  St.  Louis  member,  howi.'ver,  is  apt  lo  h<.  ohflrty, 
especially  in  Kentucky  and  Tenneasfli',  wiu^rit  it  forms  th«  most 
oharacteristic  part  of  the  "Silioioot  firimp"  of  SniTord.  Thi* 
cherly  limestone  is  spread  out  over  1  Iiirge  nrea  througli  oentml 
Kentucky,  and  thence  into  Tenneasoe.  It  forms  the  rugged 
*'Knob  Region"  of  those  states.  In  Michigan,  ihe  iimustonn  is 
of  tlic  St.  Louis  and  Keokuk  sabdiviNions:  in  southern  Ohio  it  is 
the  Chester  and  St.  Louis.  In  Hioliigsn,  however,  is  s  niembor 
of  the  series  underneath  the  limestone,  which  is  ari^lllaceuus,  witli 
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thin  intercalated  calcareous  sheets,  and  heavy,  persistent  beds  of 
beautiful  gypsum,  quarried  very  extensively  near  Grand  Rapids, 
and  also  on  the  opposite  side  of  the  state,  near  Tawas  Bay,  at 
Alabaster.  This  is  the  "  Michigan  Salt  Group."  It  is  probably 
of  the  same  age  as  the  gypsum  beds  of  New  Brunswick,  which, 
like  the  Michigan  gypsum,  belong  to  the  upper  group  of  the 
Lower  Carboniferous. 

The  succession  and  conformability  of  the  I^wer  Carbonifer- 
ous strata  are  shown  in  the  instructive 
bluff  at  Burlington,  Iowa,  a  section  of 
which  is  shown  in  Fig.  311.  In  spite 
of  the  complete  conformability  of  the 
upper  and  lower  strata,  the  distinct- 
ness of  the  two  groups  is  evinced  by 
the  strong  contrast  in  the  organic 
remains. 

Limestones  of  Carboniferous  age 
occur  at  many  points  throughout  the 
remote  West;  but  in  many  cases  they 
belong  to  the  Upper  Carboniferous; 
in  other  cases,  their  precise  age  has 
not  been  ascertained.  Limestones  of 
the  Lower  Carboniferous  have  been 
identified  in  the  Elk  Mountains  of 
western  Colorado  ;  the  Wind  River 
Mountains  of  Wyoming;  at  Old  Baldy, 
Montana,  near  Virginia  City  (Chester 
Limestone);  at  Fort  Hall,  Idaho  (St. 
Louis  Limestone);  in  the  Wahsatch 
and  Oquirrh  ranges,  Utah  (St.  Louis 
Limestone),  and  in  the  Eureka  district  f,g.  an.— Section  op  the  Bluit 
of  Nevada,  where  the  Diamond  Peak     ^t  Burunqton,  Iowa.   Lower 

r\  •  •        o   rwrwr.    0  1    •     1  "T*       1  CaRBONIPBROUS  R0CK8.        (C.   A. 

Quartzite  is  3,000  feet  thick.  Froba-  white.)  i  to  6,  "Yellow  Sand- 
bly    some    of   the    western    exposures     stones";   7  to  8,  CarboniferoM 

,  ,       .        i.   .1       -ir        I     n  /^  Limestone;    9,  Drift;    J?,  Mean 

embrace  strata  of  the  Marshall  Group,  height  of  the  River;  A,  Division 
Carboniferous   limestone  occurs,  also,     between  the  two  Groups. 
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ill  lln'  llray  Mountains,  California,  near  Ross'  Ranch,  1,000  feet 
tlii('k  (?  St.  Louis),  and  at  PcMice's  Jvancli,  t'iglity  miles  south, 
a<-<'()r(liiii»'  to  \\  liitn<^v. 

Tlir  ilisti'ihution  of  the  calcareous  and  fraprniental  materials  of 
tin'  l.owrr  Carboniferous  ilhistratcs  the  principle  heretofore 
<'\])l;jiiHMl,  that,  with  increase  of  distance  from  the  source  of  the 
S('linnMit>,  the  depositions  l>ei'ome  less  fra^j^niental,  an<l  mure 
(  alcjirenus.  Tlie  Carhonifrrous  Limestones  which,  in  southwest- 
«  rn  llliiioi>,  ar«'  l,<i(i()  to  Ij'JUO  fret  thii'k,  become  attenuated, 
<  asi  NN.uil,  to  trn  or  twentv  fi'et  in  southeastern  central  Ohio; 
wliilr  ill  the  Apjialaehian  n\ii'ion,  o,()()()  feet  of  soft  reddish  sliales 
and  santl.stoiH's  (iIh^  I  nibral  Series)  occupy  the  horizon  of  the 
Mis>is>ippi  limestones.  On  tlie  contrary,  the  Marshall,  or  fra^- 
iin'Mial  i:r'»np,  which  is  IdO  to  'ioo  feet  thick  in  Illinois,  and  040 
liM't  ill  ()lii(),  is  represented  in  tlie  Appalachians  by  2,000  feet  of 
("jiisc,  iiiayish  conn-loincrates  and  sandstones  (the  Vespertine 
><rit  >),  passing"  tlown  into  red  sandstone,  commonly  regarded  as 
itl"  t'at>^kill  auc  L«)cally,  hr)wevcr,  this  lower  group  contains 
Iroiii  <ii:,iiiy  to  cior-lit,  hundred  feet  of  limestone. 

Ai  tnaiiy  j>laccs  in  Pennsylvania  and  \'irginia,  the  Vespertine 
Scries  coiit.iiiis  beds  of  coal,  otu^  t)f  which  is  two  to  two  and  a 
ball  Icft  thick,  succeeded  in  Monti»:onierv  county,  Virginia,  at 
ili«*  (li^taiicc  of  tliirtv  to  f ort  v  miles,  by  another  bed  six  to  nine 
Icit  tlii''k,  consist iiiu'  of  alternations  of  coal  and  slate.  These 
(i»'j>(.v,ii>  arc  sonn'tiines  called  I'^ilne  Coal  j^fetiHurea,  Lower 
(  arboiiireroM^  coal  beds  tx-cur  also  in  Croat  Britain. 

In  .\o\a  Scntia  and  X(nv  Brunswick,  the  Lo>ver  Carboniferous 
coiisisi^.  mIso,  f»f  two  epochs.  Th<»  lower,  or  llorton  Series,  is 
made  II [>  ol  red  sandston«'S,  coni!;lom(M'ates,  and  red  and  green 
iiiarliics,  inter«-alate«l  witii  thin  seams  of  coal.  .The  Albertite 
(pjiiic  i\s)  (.f  the  Alln'rt  mine  is  contained  in  a  fissure  in  this  series 
in  New  Brunswick.  This  fragmental  group  is  chiefly  deyeloped 
ii'trihward  in  the  vicinity  of  the  Eozoic^  formations  which  supplied 
the  s.dini«'iits.  The  uj)})er  scries,  called  the  Wvtrlsor  SerteSy  is 
(.h\  <'l<'i)<'(l  chictiy  southward,  and  as   might  be  expected,  consists 
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mostly  of  limestones  and  marlites,  but  contains,  also,  extensive 
beds  of  gypsum. 
"n/  3.  Geography  of  the  Continent  During  the  Lower  Carbon- 
iferoua  Age.  The  distribution  of  the  sediments  of  the  Lower 
Carboniferous  shows  that  the  Mississippi  Valley  was  the  site  of  a 
great  interior  ocean,  which  opened  freely  southward,  but  on  the 
east  was  bounded  by  the  great  Seaboard  Laud  which  had  first 
nsen  during  or  at  the  end  of  the  Eozoio  ^on,  and  which  was 


bordered  on  the  uest  bj  a  belt  of  shallow  sea,  occupying  the 
position  in  which  the  Appalachian  chain  was  destined  to  be 
uplifted  in  a  future  age.  This  border  was  the  theater  of  active 
fragmentnl  deposition.  The  materials  were  derived  from  the 
wastage  of  the  contiguous  Seaboard  I^nd,  and  perhaps  a  conti- 
nental shore  lying  farther  toward  the  northeast.  The  slow  sink- 
ing of  the  sea  bottom  (perhaps  accompanied  by  a  sinking  of  the 
Seaboard  Land)  caused  the  accumulations  to  proceed  to  the 
extent  revealed  in  the  heavy  beds  of  the  Umbral  and  Vespertine 
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series  i>f  eastern  PennsylrknU.  Th«  remote  interior  was,  tneati- 
wliile,  tlie  scene  of  orinoicUtl  life  Knd  calcareous  depoHitions.  In 
the  Mississippi  vailey,  the  fine  arenaneaus  beds  o(  tlin  Marshall 
Group,  resting  on  the  DsTonuin,  atrctdi  tonanl  nurtlicni  Iowa. 
The  northern  limits  of  the  overiyinj;-  nurlington  T.imrstone  are 
21)0  miles  more  southward,  and  the  nnrihi>rri  >inr>lers  of  the  other 
divisions  of  the  Oarboniferous  Lime«tutii>  are  lixed  successively 
more  to  the  south.  This  shows  a  gradunl  southnard  encroaoh> 
merit  of  the  land.  During  the  St.  Louis  epoch  there  wks  a  tem- 
porary subsidence,  but,  as  a  rule,  the  higher  members  of  the 
Group  are  southern  in  position,  while  the  lower  are  northern. 

In  the  midst  of  this  interior  ooean  the  great  Cincinnati  swell 
rose  as  a  peninsula,  stretching  southward  from  tho  Michigan 
border,  at  which  it  bifurcated,  aending  one  branch  toward  Onta- 
rio and  New  York,  and  the  other  toward  Wisoonsin  —  in  each 
case  to  join  the  mainland.  The  giealer  part  of  the  Mit^htgan 
peninsula  was  an  inland  salt  sea,  like  the  modern  Euxine,  in 
which  geological  history  proceeded  Bfiriicwhat  independonlly,  but 
yet  under  the  same  terrestrial  conditions  as  determined  the  gnn- 
erai  tenor  of  physical  and  organic  progiess. 

The  Cordilleran  region,  which  was  a  broad,  niuuntninous  hell 
at  the  end  of  the  Eozoio,  and  then  subsided  to  reficivo  the  sedi- 
ments of  the  Cambrian  and  Silurian,  continued  to  sink  during 
Devonian  and  Carboniferous  time.  The  source  of  tiie  sediinentB 
was  the  Nevada  land;  and  the  greatest  subsidttnce  was  wiistwanl. 
The  whole  Palteozoic  series  attains,  according  to  King,  a,  thick- 
ness of  1,000  feet  in  the  eastern  part  nf  the  Cordilleran  region, 
33,000  feet  in  the  Wahsatoh  region,  am)  4l),fHX)  feet  at  tho  extreme 
western  Paheozoio  limit,  longitude  111"  .'10'.  At  the  clotie  at  thn 
Pahi'ozoic,  the  uppermost  sheet  of  tlio  Crirbonifnroiis,  cxtnniltll]? 
from  the  Nevada  Palaeozoic  shore  eastwiird  to  the  Great  Plains. 
was  only  interrupted  by  a  few  island-like  granite  peaks,  which 
were  above  the  level  of  deposition- -the  great  imifis  of  Buxoio 
topography  having  by  that  time  been  uonipk't<>ly  liuricil.  I'ongueB 
and  bolts  of  these  Carboniferous  strata  stretched  wnst  of  I 
main  \ev.ida  shore,  as  indicated  by  I  he  positions  of  gulfs  s 
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bays  then  penetrating  even  into  the  limits  of  the  present  states 
of  California  and  Oregon. 

4.  Erosion  Features,  Like  all  limestones,  the  Carboniferous 
limestone  has  suffered  greatly  through  the  agencies  of  solution 
and  erosion.  The  silicious  or  cherty  nature  of  the  Warsaw  and 
St.  Louis  divisions  has  caused  very  unequal  weathering,  and 
hence  a  very  rugged  aspect  in  the  landscape  of  the  so  called 
"  Knobs."  The  St.  Louis  division  is  especially  abundant  in 
caverns  in  Indiana,  Kentucky,  and  Tennessee.  These  may  be 
regarded  as  dating  back  to  the  beginning  of  the  Mesozoic  -^on. 
Whatever  fissures  may  have  been  produced  by  movements  of  the 
earth's  crust,  have  been  continually  enlarged  in  later  times  by 
percolating  waters.  The  Mammoth  Cave,  a  plan  of  which  has 
been  given  in  Fig.  209,  is  probably  the  greatest  result  known  of 
cave-making  agencies. 

Many  of  these  caves  have  contained  extensive  deposits  of 
various  salts,  especially  of  a  lime  saltpetre,  or  nitrocalcite.  The 
great  limestone  formation  in  the  Cumberland  Table  Land  contains 
hundreds  of  "nitre  caves,"  which,  in  the  early  part  of  the  present 
century,  especially  in  1812-1814,  were  industriously  worked  for 
nitrocalcite  for  the  manufacture  of  nitre. 

5.  Organic  Remains,  The  organic  remains  of  the  Lower 
Carboniferous  indicate  a  fauna  that  differed  in  important  particu- 
lars from  that  of  the  Devonian.  The  type  of  corals  was  less 
luxuriant,  both  in  respect  to  the  tribes  of  Cup  Corals  (Tetraoo- 
ralla)  and  those  of  Tabulate  Corals  (Hexacoralla),  but  especially 
the  latter.  The  compound  cup  coral,  Lithostrotion,  however,  is 
a  common  and  characteristic  species  of  the  widely  spread  St. 
Louis  Limestone;  and  simple  cup  corals,  indeed,  remained  in  con- 
spicuous abundance.  But  the  crinoidal  type  expanded  to  a 
splendid  culmination  (see  description,  page  324).  The  limestone 
of  the  upper  part  of  the  bluff  at  Burlington,  Iowa  (Fig.  311),  is 
in  some  of  its  beds  composed  chiefly  of  the  broken  stems  and 
the  calices  of  crinoids.  This  locality  is  classical  ground  for  the 
paheontologist.  Mr.  Charles  Wachsmuth  has  collected  here  355 
species  belonging  to  44  genera.     Crawfordsville,  Ind.,  is  another 
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productive  locality.     Tbe  state  of  preservation  of  the  crinoids 
even  better  than  at  Burlington,  the  rock  being  an  argillai-ei. 
shale;  but  the  number  of  species  does  not  exceed  100,  aeuurduig   I 
to  Professor  D.  A.  Basselt,  who  stuttis  that  several  thousand  apeci- 
niens  have  been  reuiovcd.     Tho  prinoljiBl  genera  aro  Actittoa'-    \ 
rinus,    lian/c' rinua,    Cyathoc' rtnm,    liiclioc' ritms,    ForbeHoc'- 
rinus,Go7iiantvroidoe'rinus,  Onyehoc' rinttg,  Platyc' rinua,  Se.aph* 
oc'riniix,  and  Tuxw^riouM  (BaBselt).     The  beds  here  are  of  Keo- 
kuk Limestone,     The  higher  divisions,  also,  from  southern  Illinois   j 
to  nortiieni  Alabama  and  tliP  Cnmherland  Table  Land,  are  gener- 
ally  well  stocked  with  the  remains  of  crinoidal  life.     Fig.  234 
gives  a  view  of  a  criiioid  from  the  Waverly  group  of   Ohio  — 
tbe  epoch  ot  the  great  expansion  of  tbe  typo  under  il.s  specinily 
Carboniferous  aspect. 

Straight  chambered  shells  were  still  in  process  of  disappeoiv  j 
ance;  but  the  coiled  Goniatitee  and  Nautili  were  very  abuodnnt  J 
(see  page  32G);  and  Laim-ltlbranchs  were  increaaing  in  numbers  J 
and  diversification  —  especially  in  (he  earlier  periods.     Rrac.hio-  J 
podswere  on  the  decline.    The  old  genera,  Slrophmnemiy  Xicptipna, 
Orthis,  and  others,  were  near  extinction.     Spiriffr't  was  repre- 
sented in  numerous  species,  many  of  large  siae,  and  Syringoth' '  J 
yria  made  its  advent  into  America  and  Europe.     Producta  u 
Vhonetea    were   characteristically    abundant.      The    last    of    tlio  1 
Trilobites  now  lived,  greatly  dwarfed  in  bulk;  but  higher  Crusta-  ] 
ceans  were  taking  their  place.     Fishes  were  in  the  high  career  ] 
of  advancement;  but  none  belonged  yet  to  the  modem  lyfte  oi 
TeleostE.     They  were  either  Ganoids  or  Selachians;  and  nf  the  ' 
latter,  the  Cestraoiont  type  v^aa  peculiarly  prominent.    The  forms 
of  life  here  mentioned  should  be  Mgain  studied  on  pages  331-3iJS. 

g  7.    The  Upper  Oarboniferoua  System. 

1.    Dh-h;ou^.  SuMh-ini.ms,  'U-J  T'-nun. 
II,     Permian  Group. 
T.     Coal  Measurea. 


(.  JIk.' 


(  '■Iiowor  Coal  WriBurfis"  of  RofWTS. 

i        roinflonmrnffi  Mpssiipp*. 
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The  term  Permian  is  derived  from  the  province  of  Perm,  in 
Russia,  in  which  a  group  of  strata  of  this  age  was  described  as  a 
"  System."  It  consists,  in  Europe,  of  two  principal  divisions, 
and  hence  is  often  called  the  "  Dyas." 

The  details  of  the  stratification  of  the  Coal  Measures  are  not 
identical  at  remote  points;  but  a  general  correspondence  exists 
through  western  Pennsylvania  and  Ohio,  from  which  a  standard 
series  of  formations  has  been  drawn  up,  as  shown  below.  For 
the  parallelisms  of  the  Ohio  coals  I  depend  on  Orton's  recent  and 
important  Report.  In  Indiana,  western  Kentucky,  and  Illinois 
only  a  more  general  correspondence  has  been  traced.  In  regions 
still  more  remote  the  correspondence  is  reduced  to  the  existence 
of  a  series  of  shales,  sandstones,  coal  beds,  occasional  limestones, 
and  one  or  more  considerable  conglomerates  at  or  toward  the 
bottom  of  the  series. 

Standard  Section  of  the   Coal  Measures^  Specially  Suited  to 
Western  Pennsylvania  and  Eastern  Ohio. 

UPPER  COAL  MEASURES.    Thickness,  1,700  Feet. 

V.     Upper  Barren  Measures  of  Rogers,  974  ft.,  containing 
6  coal  beds,  8  ft.,  and  having  at  bottom, — 

46.   Waynesbiirg  Sandstone. 
IV.    Upper  Coal  Measures  of  Rogers  =  Monongahela  Series. 

45.  Waynesburg  Coal,  6  ft.  (1),  XXI. 

44.    Pittsburgh  Sandstone,  Shales,  and  Limestones. 

43.  Pittsburgh  Coal,  8  ft.  (H),  Cumberland,  Md.,  Pomeroy 

Bed,  Ohio,  Primrose  bed  of  Anthracite.  XX. 

III.  Lower  Barren  Measures  of  Rogers  =  Pittsburgh  Series. 

42.    Upper  Pittsburgh  Limestone,  2  ft. 

41.   Lower  Pittsburgh  Limestone,  5  ft. 

40.   Morgantown  Sandstone,  45  feet  =  1st  "Oil  Sand,"  Dunk- 
ard's  Creek. 

39.  Elk  Lick  Coal,  3  ft.  (F?)  (G?),  XIX. 

38.   Elk  Lick  Limestone,  2  ft., 

37.  BerUn  Coal,  3  ft.  (F?).  XVIIL 

36.   Green  Crinoidal  or  Berlin  Limestone,  2  ft. 

35.  Piatt  P  Coal,  U  ft.,  XVII. 

84.  Price  Coal,  XVI. 
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n 

^v.    ■ 

■ 

ai .    Buffalo  Snndstono  =  Upper  Mnliouing  S. 

30.    Brush  Crock  Ltnmlnm. 

1 

■&).  Brush  Oreek  Coal, 

.\n'.   ■ 

38.   Mahoning  SBti<lst-*iie.  40  li  80  ft..  utiU  Shnlo  M  tt.     Lower 

Mahoning.     ?At.Til  Ilrok  .S.;  K.irlcw  S..  Kj.=  2.l  -Oil 

1 

3»nil."  Dimkanrs  Creek  — the   principal    rp*cr»oir.    A 

■■B«sroek." 

1 

LOWER  C0A1>  J>IRASUHES.     Tuickseh*,  (342  Fket.    iyj-v-V"  2^| 

I.     Lower  Coal  HeMurea  uf  Kogrr^,    'nii('|[nes>i,  303  tt.= 
Alh'gh.'iij-Sme-s 
FREGPORT  <;K01-1\ 

■ 

■ 

27.   Upper  Freeport  Oool,  4  ft.  <E),  Mmiviiigum  County  &mi 

■ 

Valley,     "Mamuiolh  Bed"  of  AnthrnciM, 

xni.    ■ 

30.   Upper  Freeport  ii»Ms/onf,  3  ft.     While  L.,  Ohio. 

■ 

25.    I'pper  PvpeporC  SandstonB,  80  ft.     Butler  8. 

■ 

■ 

vim  in, 

.Ml.     ■ 

33.    Lower  Freep-irl  Limestone.  2i  ft,     BiilliT  L. 

■ 

32.    Lower  Frepj^rl  Sandst.)in!  and  Slialf,  75  fl.     t'reeiH.rt  S. 

■ 

KITTASNISr,  rjRofP, 

■ 

■21.  Upper  Eittanning'  Goal,  M  to  il  fi.  (C).     ItlHt-kmnith 

■ 

Vein, 

XL     ■ 

ffll.  Middle  Kittanning  Coal,  3  to  0  UfU    Little  kiiowu  Iti 

n. 

IViiiisylvftnin.     Cwhocton,  Ohio;  Oroftt  Vein  of  Hwking 

Viilky,  Ohio, 

X. 

m.  Lower  Eittannlng  OoaJ,  H  IL  (C).     "KtMAiiiiinf;"  i<f 

_1 

Rogers. 

IX.     ^ 

18.   KiUanningaBj.  lOft.    New  Briglitini  Fire  Cky. 

17.   Kitmnnina;  Sandstone,  43  ft.     Low.-r  Kittiinnine  H ;   Indus- 

^H 

try  S.  Ohio. 

^1 

CLARiriN  BKOUP. 

^H 

Ifi.   PerrireroiiK  t.meston'!  iiiid  BiilirsLotie  Ore,  1 1«  15  nntl  20  ff. 

^H 

15.   Upper  OlarioQ  Coal,  3  ft.    Scnibgn^:  OantlBh]  Ontitiul. 

VIII.    ^1 

U.  Lower  Clarion  Coal,  1)  ft.  (B).    Clarion  Coal, 

VII.     ■ 

VI.     1 

ly.   BrookviUe  Coal,  3  (t,  (A).     Jlahoning  Valley  Coul. 

Conglomerate  Meaanres.    Thickiieas  in  Ohio,  3iW  ft.  = 

SLTid  Conglomerate  of  Rogera  (No.  XI)  =  Sliamu  <i«U 

^^1 

Series  of  Hodge  =  Pottsville  CongloioBmt*. 

J 
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BEAVER  RIVER  GROUP. 

11.   Homewood  Sandstone,  75  to  155  ft.    Serai  Conglomerate. 
Tops  of  Pottsville  Conglomerate;  Piedmont  Sandstone; 
Tionesta  Sandstone ;  Upper  Homewood  Sandstone. 
10.   Tionesta  Coal,  3  ft.,  V. 

9.   Upper  Mercer  Limestone  and  Ore,  2i  ft.    Mahoning  Lime 
stone. 

8.  Upper  Mercer  Coal,  2  to  5  ft.,  IV. 

7.  Lower  Mercer  Limestone  and  Ore,  2^  ft.  Mercer  Limestone; 
Zoar  L. 

6.   Lower  Mercer  Coal,  2i  to  3  ft.    Lower  Porter  of  Rogers,       IIL 

5.  Conoquenessing  Sandstone  (Upper),  45  ft.  Lower  Potts- 
ville Conglomerate;  Lower  Homewood  Sandstone;  Mas- 
silon  Sandstone  (part)  in  Ohio  =  1st  **  Mountain  Sand." 

4.   Quakertown  Coal,  3  ft.  (and  Shales),  XL 

3.  Conoquenessing  Sandstone  (Lower),  25  ft.  Massilon  Sand- 
stone (part). 

2.  Sharon  Coal  (and  Shales),  4  to  6  ft.  Block  Coal  of  Ma- 
honing Valley;  Brier  Hill  Coal;  Massilon  Coal,  I. 

1.  Sharon  Conglomerate,  30  feet.  In  Pennsylvania,  Garland 
Conglomerate  and  Olean  Conglomerate.  In  Ohio,  Ohio 
Conglomerate  part  or  all  =2d  ** Mountain  Sand." 

This  series  is  followed  downward,  in  Pennsylvania,  by  the 
**Shenango  Sandstone"  or  "Ferriferous  Fish  Bed,"  (  =  Sub- 
Garland  =  Sub-Olean)  and  the  Meadville  Upper  and  Lower  Lime- 
stones, belonging  to  the  Lower  Carboniferous. 

Most  of  the  standard  terms  in  the  foregoing  table  are  from 
Pennsylvania  Geology.  The  capital  letters  in  parentheses,  fol- 
lowing the  names  of  coal  seams,  were  applied  by  Lesley  to  the 
Pennsylvania  series  above  the  Serai  Conglomerate.  Serial  num- 
bers for  the  entire  Coal  Measures,  based  on  the  latest  determina- 
tions of  the  Pennsylvania  and  Ohio  Surveys,  here  follow  the 
names  of  the  coal  beds  in  Roman  capitals. 

It  has  generally  been  considered  that  the  Coal  Measures 
proper  consisted  of  the  formations  above  what  is  here  designated 
Conglomerate  Measures;  and  that  the  "  Conglomerate  "  or  "  Mill- 
stone Grit "  of  the  English  formed  a  natural  boundary.  But  it 
is  found  that  the  supposed  basal  Conglomerate  lacks  the  uni- 
formity and  persistence  and  constancy  of  stratigraphical  position 
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«)iiii'  assuiin'<l;  and  that  tlu*  systoni  of  coal  bods,  oven  including 
liincsioins,  continues  below  the  conglomerate  horizon,  giving-, 
.■ii')iii:-  thr  Appahuhian  belt,  some  of  the  thickest  and  best  de- 
|"»>!i.s  .soniitimes  known  as  '*  False  ('ual  Mt'asiires."  It  is  found, 
ill-',  that  the  only  coal  of  Arkansas  is  subconglomerate.  In  Ten- 
n<->'f  the  Scwain'c  coal  bed  i>  'I'M)  feet  below  the  Conglomerate, 
.111.1  ^lil  frit  a  iiovu  the  Carboniferous  r^imostone.  For  such  Tea- 
s'>n>^  ii.()loLii.st>  (Lesley,  .1.  .1.  Stevenson,  Orton)  incline  to  treat 
.'IS  diH'  i^roiip  the  entin^  s(U'ies  of  strata,  both  above  and  below 
I  lit-  ••  (  'oniilonierate.'^ 

Tin-  •'  ( 'oni^lomerate,""  being  an  ambiguous  term,  was  replaced, 
in  l.^'io,  by  tln'  pn'scnt  writer,  with  the  geographical  designation 
"  r.iniiM  ( 'oniilonieratc.''  Subse(juently,  for  similar  reasons,  it 
I  t'<'ii\  cl.  in  (\-in;ida,  the  name  Hu«Miiiventure  Conglomerate. 

riic  student  will  understand  that  the  Table  docs  not  enumer- 
Mic  tlif  coniph'te  s<Mjuence  of  strata,  but  only  the  salient  forma- 
1  ii>;,  wliifji  ])oss<'ss  e(^ononii<^  or  stratigraphical  importance,  and 
s'i'.f  .'IS  hindniarks  in  the  grand  succession  of  deposits. 

'l.  Ifi.<ti'tf>nt'nni.  The  coal-})ro(lucing  Coal  Measures  are  con- 
fin.'l,  in  America,  to  the  region  east  of  the  Rocky  Mountains. 
Tlif  I'M-aiions  of  the  various  ci)al  fields  will  be  learned  from  the 
( icMloLiical  Mil]):  (1)  The  AftjKfhu'h'Hin  Coal  .I'lehtj  having  a 
hiiLLth  of  SJ')  niiles,  an<l  a  breadth  ranging  from  30  to  180  miles, 
with  .in  ai«'a  i){  ')'.», OOO  scpiare  miles.  (2)  The  I^tstern  Tnterior, 
<>v  lliiii  of  Illinois,  Indiana,  an<l  northwestern  Kentucky,  47,000 
s'j'ntif  miles.  {'.U  The  M^oj^fer/i  f/ffn*fO/\  or  that  of  Iowa,  Mis- 
S'lini,  Kans.Ms,  Arkansas,  and  Indian  Territory,  18,000  square 
iiii''^.  (1)  riic  M/('/u'f/(//t,  (I,I(M.)  s(piar(»  miles.  (5)  The  Rhode 
/s/,/,,'/^  .")()( I  s(juar<'  miles.  Ml)  Tlic  Avnilhui^  or  that  of  Nova 
S(.)i:;i  and  New  IJrunswick,  18,n()0  square  miles. 

In  the  Kocky  Mountains  and  beyond.  Coal  Measure  limestones 
are  IsiKiwn  to  occur  in  Montana,  Wyonn'ng,  Colorado,  Utah, 
Nc\a-l.j,  ami  ( 'alifornia ;  ])ut  all  the  coal  west  of  Omaha  to  the 
l*a  -irh'  coast   is  Mesozoic.  or  Cienozoic. 

Tile  accom])anying  Coal  map  of  Pennsylvania  and  Ohio  shows 
ih"  interrn|)te(l  attiMiuations  of  the  six  Pennsylvania  bituminous 
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basins,  and  indloates  the  distribution  of  the  anthracite  coal  of 
eastern  Pennsylvania.  Their  names  are  as  follows:  (1)  Southern 
or  Schuylkill  Basin  and  Mine  Hill,  14G  square  miles;  (2)  Shamo* 
kin  (50),  Mahonoy  (41),  and  Lehigh  (37)  Basins,  I:!8  square 
miles;  (3)  Wyoming  and  Lackawana  Basin,  198  square  miles. 
Total  anthracite  area,  472  square  miles.  The  conglomerates  of 
tlie  lower  portion  of  the  Coal  Measures  generally  extend,  as  in 
northeastern  Ohio,  considerably  beyond  the  areas  covered  by  the 
coal  beds.     They  often  lie  in  huge  cuboidal   blocks  dislocated 


Huylklll.Anlliniclt?  FiEld.   3.  Shamokln.  HsbODo)',  iind  Lchlgb  Ba- 
il.   3.  Lackaniitiaaiid  WfaoiliigBufia.    £.  G  real  Dike,   j'.  Full  I. 
Nets.— Several  great  taaiu  tan  parallel  wilb  thu  AjipaUeblan  rolds.    One  remark- 
nlilp  raoll  extends  aloni;  the  Oreat  Valler  of  Vlrglnls  by  llie  rlilgi:  called  North  Houni^n 
ei't;  Fig.  92),  and  into  PpnnaflTinla.    AnMhcr  one,  of  10,000  feet,  occara  Dear  Cbambera- 
hurg,  bringing  Cambrian  strata  np  lo  a  level  with  upper  DevonUn. 

from  the  formation,  as  in  the  southern  counties  of  New  Vork, 
where  they  form  "Rock  Cities"  and  "Ruined  Cities."  The 
same  may  be  seen  along  the  western  border  of  the  eastern  coal 
field  of  Kentucky,  and  along  the  brow  of  the  Cumberland  Table 
Land,  where  maaaes  as  large  as  dwelling  houses  have  been  broken 
off  and  rolled  down  the  steep  escarpment. 

3.  Kinds  of  Rocks.  The  Conglomerate  series  presents  gen- 
erally a  conspicuous  conglomeritic  mass,  which  has  in  southern 
New  Vork  a  thickness  of  25  to  60  feet.  In  the  anthracite  region 
it  is  1,000  to  1,500  feet  thick,  thinning  westward  to  ^50  feet  on 
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tin- Ohio  IJivcr,  includinfr  JiH  the  associated  strata.  The  nature 
nt*  this  oh;m<rt'  i"  thittknoss  indicates  the  eastern  origin  of  the 
drtriial  iiwitorials  in  tlu*  i::reat  Seaboard  Land,  as  we  believe. 

M'hfCoal  Measure  strata,  ineludinj^  the  Conglomerate  series 
as  wrll,  eiiilnaee  shales,  chiys,  limestones,  sandstones,  and  l-eds 
of  irnn  ore  and  coal.  Something  of  their  arrangement  may  be 
l('ariH(l  Iroin  th(;  'ral)le  on  page  403.  It  must  be  underst(»od, 
how'Xti-,  tliat  this  is  not  a  full  rnumeration  of  the  strata.  Hogers 
cMuuMnited.  tor  instance,  one  hundred  important  strata  and  for- 
mat i<  wis  ahovc  the  lloniewood  Sandstone,  and  loft  200  feet  at  the 
top  of  the  Measures  uns})e(tified.  Kvery  bed  of  coal,  as  a  rule, 
is  unihrstood  to  be  underlaid  bv  fire  elav.  It  is  often  accom- 
panit'd  by  shales  and  sandstones.  Thus,  the  I'pper  Freeport 
('nal  has  underneath,  f")n  feet  of  sandy  shales.  The  Lower  Free- 
port  Coal  has  abov(\  4  \'vvi  of  bituminous  shale,  and  below,  2  feet 
of  lir<'  clay.  The  Lo\v«'r  Kittanning  Coal  is  followed  downward 
by  the  Kittanning  clay,  S  feet;  sandy  shales  or  sandstone,  25 
fe<'t ;  buhistont^  iron  ore,  1  foot;  Ferriferous  Limestone,  15  feet; 
Scrubirrass  coal,  2  fe(^t ;  shales,  etc.,  2ij  feet;  Clarion  Lower  Coal, 

;3    teet. 

The  fundanuMital  order  of  stratification  giyen  in  the  Table 
h:is  I  teen  traced  from  western  IVnnsyhania  into  Ohio;  but  the 
shales  and  sandstones  are  subject  to  great  variation.  The  coal 
beds  and  tlie  limestones  are  the  most  persistent  features,  and 
these  are  the  means  of  parallelizing  the  measures  at  remote 
localities.  The  Lower  Mercer  Limestone,  for  instance,  has  been 
widely  u>ed  as  a  geological  guide.  It  is  thin,  but  wonderfully 
pc^rsisient.  Its  ('olor  is  dark  blue,  or  almost  black,  with  thickness 
i'roiii  oiH'.  to  tliH'e  feet;  contains  much  iron  and  silica  and  an 
abundam^e  of  fossils,  and  is  everywhere  overlaid  by  excellent 
iron  ore.  Fhe  U])per  Mercer  Limestone  is  very  similar,  but  less 
uniform,  and  is  also  accompanied  by  iron  ore  and  a  seam  of  ooal. 
The  I^'erriferous  Limestone  is  the  centre  of  a  group  of  strata, 
comprising,  besides  the  limestone,  the  best  iron  ore,  the  largest 
clay  deposits,  and  several  of  the  most  widely  worked  coal  seams 
of  the  Lcnver  Coal  Measures.     This  group  of  formations  serves  to 
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identify  the  horizon.  The  limestone  is  15  to  20  feet  thick,  pure 
light  gray  above  and  grayish-blue  below,  frequently  with  a  de- 
posit of  buhrstone  at  top,  and  with  this  a  valuable  bed  of  iron 
ore.  The  limestone,  also,  is  full  of  fossils.  This  recurrence  of 
similar  deposits  in  relation  to  successive  limestones  will  be  under- 
stood as  an  aspect  of  the  cycle  of  sedimentation  (page  2G8). 

The  so  called  "  Mammoth  Bed  "  B  has  been  identified  at  the 
following  points:  Leonard's,  above  Kittanning,  Pa.  (3^  feet); 
Mahoning  Valley,  Cuyahoga  Falls,  Chippewa,  etc.,  Ohio;  the 
Kanawha  Salines;  the  Breckenridge  Cannel  Coal  and  other  mines 
in  Kentucky,  the  first  (or  second)  Kentucky  Bed;  the  lower  coal 
on  the  Wabash,  Ind.;  Morris,  etc.,  111.;  Murphysborough,  111.; 
Clinton,  Mo.  [250  species  of  plants]. 

The  Pittsburgh  Bed,  H,  at  the  following  points:  Cumberland, 
Md.;  Wheeling;  Athens,  Ohio;  the  Pomeroy  Bed,  Ohio;  Mul- 
ford's  in  western  Kentucky,  the  11th  Kentucky  Bed.  This  bed 
underlies  an  area  of  14,000  square  miles. 

The  lowest  coal  beds  are  most  developed  in  the  Appalachian 
region.  In  the  Schuylkill  Basin  we  have  15  coal  seams,  each 
from  3  to  25  feet  thick,  in  all  113  feet  of  coal,  of  which  80  feet 
are  marketable.  In  the  second  and  third  basins  there  are  60  feet 
of  coal.  The  Upper  Coal  Measures  are  more  developed  in  west- 
ern Pennsylvania,  and  relatively  still  more  in  the  states  farther 
west.  The  coal  beds  which  are  anthracite  in  eastern  Pennsylvania 
are  semi-bituminous  in  middle  Pennsylvania,  bituminous  at  Pitts- 
burgh, and  more  bituminous  in  Ohio  and  Indiana.  As  we  go^ 
westward,  the  Coal  Measure  limestones  grow  thicker,  and,  of  the 
coal  beds,  the  lower  coals  disappear,  and  the  upper  diminish  in 
thickness  and  value. 

The  characteristics  of  the  different  varieties  of  coal  have  been 
given  in  Part  I,  Study  XIII. 

The  Coal  Measure  rocks  in  the  Wahsatch  Range  consist  of 
Upper  Coal  Measure  limestones,  2,500  to  3,000  feet;  Middle  Coal 
Measure  quartzites,  5,000  to  7,000  feet;  Lower  Coal  Measure 
limestones  (Wahsatch  Limestone)  amounting,  with  Lower  Car- 
boniferous and  Upper  Devonian  limestones,  to  7,000  feet. 


4n» 
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Ill  tlip  Kmvka  district  of  Nevada,  i\\v  Lower  Coal  MeaMirt'S 
i'oii.sjst  cliicllv  of  Ik'uvv -bedded  dark  blue  and  jjfrav  limestone, 
i).S(H>  feet:  follr)\ved  ii})\v{ird  i)y  the  *' Weber  Conglomerate,'' 
*v\(M)()  ftM't.  Tfie  I'pprr  Coal  -Measun»s  are  lig-ht-eolored  blue 
.ind  d;uk  liniestoiies,  ")()()  f«'et. 

\.  (rt'n/<}(/f('t//  Sfruotttn.  \^(^.i\s  of  eoal,  being  mere  slratiiied 
r<><'k>,  huve  \)vr.\\  siibjeetc^l  t«)  all  the  tilting,  folding,  and  meta- 
iM(H|)}ii^ni  which  have  alT(M'ted  <'ontiguou.<  strata.      In  most  parts 


I'll,    "ill        S|j(  TIDN    IN    A    HKt.lON    ttF    rSDULATINtJ    tN»AI.    MEAH('Ilt>. 

of  iIm-  Mississipj)!  Vallry,  the  disturbances  of  the  strata  amount 
seldom  to  more  tiian  gentle  undulations.  The  coal  bods,  tliere- 
fon-,  IIP-  oih'u  (jiiitt!  contiinious  and  uniform.  The  gentle  iindu- 
hnion^,  houcvor,  fn-cpu'ritiy  bring  them  within  reach  of  surface. 
erosions,  and  thus  the  continuity  of  a  coal  bed,  or  of  several  beds, 
is  rr«'(|ucntly  intcrnipt(Ml,  as  shown  in  Fig.  314,  which  represents 
tin-  iicn«'r;il  ]>osition  of  the  coal  strata  in  the  AVest.      In  Ohio  the 
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l'l<..  ■.!.■■     -^1  (   I  ION   Ki;«)M    ('WKn.l.li  Ti>  IlAMMONUbVILLK,  FUn.V   NoUTIl  TO  SOUTO.  IK  MA- 

iiiiNiN..   \M)  t  1)1,1  MKiA.NA  (oiNTiKs    Oiini,     (Orloii.)    (,'ohI  Smiii'*  iininborcd  Bii  in 

l!'..-  'J':;i»lr,  \K\'.:y  ln:;. 

(oal  Measures  ha\e  under«i-one  verv  litth?  disturbance,  as  mav  be 
iiifeiiM-d  from  llie  s<'ction  in  Fig.  ^Jl"),  taken  in  the  northeastern 
y,iv\  of  the  sta t(\ 

in  Illinois,  the  Coal  Measnrr-s  have  suffered  moderate  dis- 
1  ml'niiecs.  'I'he  **  ShawFHM'  Fault''  crosses  tlie  eoal  field  from 
east  lo  \v«'><t  near  its  souiIkmii  «'Xtremity;  and  another  fault 
crosses  lih'  whoh'  length  of  the  coal  held  nearly  north  and  south. 
'I'll''    '-trniei-  crosses  the  Mississi]>})i  River  at  Bailey's  Landing,  in 
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Missouri.  In  Jackson  county,  Illinois,  it  brings  Devonian  lime- 
stone to  the  surface  at  the  Bake  Oven  and  Bald  Bluff,  on  the 
Big  Muddy,  where  it  stands  on  an  inclination  of  25°.  It  con- 
tinues across  the  state,  and  crosses  the  Ohio  River  near  Shawnee- 
town,  into  Kentucky,  whence  it  continues  eastward  to  Bald  Hill, 
in  Union  county,  and  as  far  as  the  eastern  boundary  of  Hender- 
son countv.  The  other  Illinois  axis  of  disturbance  enters  the 
state  in  Stephenson  county,  on  the  north,  intersects  Rock  River 
at  Grand  Detour,  and  the  Illinois  River  at  Split  Rock,  between 
La  Salle  and  Utica,  and  continues  S.  20°  E.  to  the  Wabash 
River,  in  Wabash  county.  It  brings  the  St.  Peters  Sandstone  to 
the  surface  on  Rock  River,  and  the  Lower  Magnesian  on  the 
Illinois.  These,  and  other  smaller  disturbances  which  have  taken 
place  since  the  Coal  Period,  combine  with  erosions  in  breaking 
up  the  continuity  of  the  Coal  Measures  in  Illinois. 


Pig.  316.— Section  from  thb  Great  North  to  THEti"rPTj.E_X6RTiHllouNTAtN,  through 
Bore  Springs,  Va.  (Kogeri*.)  ^  <,  t.  Thermal  Springs;  //,  Calciferoufl;  ///,  Tren- 
ton; /K,  Cincinnati;  T,  Oneida:  T/,  Clinton  and  Lower  Ilelderberg;  F//,  Oriskany 
and  Cauda-galli. 

A  still  more  disturbed  condition  of  the  Coal  Measures  is  illus- 
trated in  Figs.  33  and  34.  The  great  folds  of  the  Appalachians 
involve  tlie  various  beds  of  coal  in  a  complexity  of  structure 
whose  unfolding  has  taxed  the  highest  skill  of  geologists.  Fig. 
316  is  an  example  of  the  shape  into  which  foldings  and  erosions 
have  brought  strata  originally  horizontal  and  continuous.  Fig. 
92  is  another  illustration  of  Appalachian  disturbance.  The 
anthracite  coal  basins  present  a  series  of  valuable  coal  beds  in  an 
extraordinary  state  of  distortion,  which  brings  within  a  given 
surface  area  an  amount  of  coal  which  would  not  be  suspected 
from  the  area  and  the  thickness  of  the  beds.  In  Fig.  317  we 
have  a  section  across  the  east  end  of  the  First,  or  Schuylkill 
Anthracite  Basin,  not  far  from  Mauch  Chunk,  Pa.  It  represents 
a  depth  of  about  2,000  feet,  and  shows  two  of  the  grand  folds  of 


ii'l  ihren 


41-i 


tliu  AppaWhUns  (I  ami  'i),  a 
<:i.4,  r.). 

It  bus  l>een  said,  in  Mpealcing  of  thu  Lower  Carbninferoua  Syi^l 
tc^iii,  that  eacli  Buccossivc  tlivifliuii  iii  tlic  Miaaissijipi  Valley  liw 
its  nortliE-ni  limit,  «s  n  mlc,  ft  little  farther  south.     This  i^  evi- 
dence rif  prngresitive  uplioaval  northw&rd,  while  the  sodimenta- 
ti[)[i  was  going  uo.     On  tlie  contrai-}-,  the  succession  of  beds  Ui   j 
tlio  Upper  CarhaTiirurous  indicates  progrftasivo  stibaidcnco  north* 
uurd  while  tho  Coal  Mrasurps  vvurc  in  formation.     Gaoh  a 
*ive  stratum  fiiida  its  northern  limit  a  littl-?  tartliwr  north,  » 
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not   only  is  the  (Jarboniteroiis  Liineatoii*!  ouv^red  by  thi!  I 
ilf'Hsures  ill  northern  Illinoia,  but  also  tlie  Devmiinti  and  SiluriatMfl 
and  the  northern  extremity  of  thn  coal  field  cvrn  I.ipa  over  o 
CHnibriaii  of  northern  Illinoia.     All  this  is  shown  on  tho  Geoloj 
«al  Map.     If,  then,  a  section  were  to  be  coiistruoted  ihronjfh  I 
western  part  of  the  lUinoia  cohI  li«]d,  the  iiorlht-ni  [iMrtion  of  % 
would   present  the  f^enerul  appearance  oF   Pig.  .'U8.     Bare  iht 
older  strata,  A',  (',  S,  were  slowly  rising,  while  the  Lower  Oy 
boniferous   sedinionta    wore    accumulating ;    tlicy    were    i 
while  the  Coal  Measures,  M,  were  forming;  and  at  n  5ubae(|tiM 
epoch  they  have  befii  reBlevalud  to  their  presont  ]u«itid 
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Y  5.  Coal  Mining.  Had  the  coal  beds  been  left  in  the  poai- 
tioiiB  in  which  they  were  formed,  our  great  repositories  of  mineral 
fui'l  would  have  been  practically  hidden  from  obaervation.  To 
the  tiltings  and  foldings  of  the  rocks  we  are  indebted  for  the 
disijlosure  of  the  buried  stores,  and  for  th«  cheapest  method  of 
extracting  them.     Beds  of  coal  often  outcrop  on  hillsides  and  in 


Heasures  and  Older  Rocks.    E,Ecao\c:  CCnmbriBn;  A,Sl1aiian;  0.  I>«i'0[>l*ii ; 

K.  KIndcrhnnk,  follnircd  liy  Lower  Carbonlfeniiis  LimeetDneB:  Jf.  Coal  Measarei. 

ravines  (Figs.  314  and  317),  and  may  be  followed  into  the  earth. 
Their  place  of  outcrop,  however,  is  generally  indicated  only  by  a 
dark  band  along  the  surface,  or  by  coal  fragments  scattered  in 
the  vicinity  —  generally  southward.  When,  by  excavating,  the 
bed  is  struck,  it  is  found  altered,  by  weathering,  to  a  depth  of 
thirty  to  fifty  feet.  Such  coal  is  pulverulent,  or  soft,  browned, 
and  friable,  and  not  marketable.  Fig.  319  shows  the  method  of 
drilling  in  on  a  hillside.     If  possible,  the  spot  is  so  chosen  that 


the  Drtf  I. 


the  mine  water  will  flow  out  at  the  entrance.  If  otherwise, 
pumps  must  be  employed.  Wlieii  a  region  is  known  to  be  under- 
laid by  coal,  a  si'nff  may  lie  sunk,  though  no  coal  appears  at  the 
surface.  This  is  illustrated  in  Fig.  320,  which  represents  the 
Upper  Measures  of  western  Pennsylvania  (see  the  Table,  page 
403t;  though,  in  fact,  the  surface  of  the  country  is  such   that 
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approaohei)    by    drifts, 

worked  by  flop  ft. 
TI.B  >ihajt,  S,  is  Uie 
mi-n.is<.f  noucMtotbe 
conl  boii.,  TF  »nd  y>. 
Tlifl  fiinip,  II,  is  suuken 
to  roi!ei\'e  llie  w»tw, 
whicli  )»  tbe 
pumped  out  by 
chiiit-ry.  When  a  csoa) 
bpil,  Tl',  is  T«ach«d, 
excavations  are  nude 
'HI  iioth  sides.  Often 
iliuBUiiieHliaft  iaauiik 
tfi  a  seooiid  co«I  bed, 
/'.  uiiil  iKJciwionalljr 
uvrii  to  a  third  one, 
Thepftasn{^<'s,op  ffang-i 
wdf/i,  (iro  geo  orally 
(Intended  irk  til.rai{ffa|^ 
lines  tu  ihu  liidlta  of! 
the  property,  or  m 
(ur  as  tlio  chikI  nootin- 
ues  satisfactory;  and 
with  these.     Tliere  ai 


.ngl. 


other  passages  urv  npuned  at  righi 

different  systems  of  pUnnin^  the  aiidei^rouiid  work  pf  a  mimtf 
but  that  most  employed  is  illustmtt^cl  in  Fi^.  .3'JI,  whit:h  sbawatbi 
plan  of  the  niiiifs  worked  by  a  powi-rful  and  well  known  DUtn< 
pany  in  the  Blussburi;  coal  fgiongof  Pennsylvania  — a  rejcitMinin' 
bracing,  alxo,  the  celebrated  Morris  Kiin  und  Fall  Brook  MitKw. 

The  plan  of  working  presented  shows  the  condition  of  tftS 
Arnot  mines  in  1873.  Here  is  a  portion  of  a  noal  bed  about 
1,500  feet  broad  and  1,900  feet  long,  showing  where  tlie  gang^ 
ways  have  been  dug  ont  fur  travel  and  for  ventilation,  and  iila^ 
the  "  rooms  "  or  "  breasts '  from  which  thi»  coal  ha«  been  taken. 
It  allows  also  the   larjru  nmimnt  uf  enal  )i-ft  for  !iupportijiK  bIm 
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rotif.  These  supports  will  ultimately  hb  tAkea  out  also.  In  some 
regions  the  roof  rock  is  so  fragile  that  the  gangways  have  to  be 
timbered.     Even  then  the  enormous  weight  sometimes  crushes 


the  supports,  and  disasters  happen.  The  same  plan  of  mini 
pursued  whether  the  mine  is  approached  by  an  adit,  as  sho* 
Fig.  319,  or  by  a  shaft,  as  in  Fig.  3a0. 


OBUUIOiCAI.  STUniKS. 


In  tiio  snthracHo,  mi d 'occasionally  in  bitumincus,  ooat 
mining  ie  done  by  slopet,  wliicli  aro  simply  iiiclinwl  pUritw  or  slup- 
ing  tutineU  underground,  generally  out  iii  the  cuni  scum  In  avoid 
"dead  ruck."  Drifts,  wliiuli  are  ulwnys  inoat  economical,  ar« 
generally  pratttlcnhlu  in  llie  bituminous  coal  redone  of  Petitisyl- 
vuniit,  Ohio,  eaxtem  Rontucky,  IVnnessee,  Geor^n,  and  A1k> 
baina;  but  in  the  less  disturbed  and  less  denuded  regions  of  Illi- 
nois and  Michigan  resort  muat  generally  he.  Iiai]  to  shafts. 

0.  Organic  Reinattut.  The  coal  itself  tiffords  abundant  traoea 
of  vegetation,  hut  generally  thny  are  (ittaourf'  and  unideiittfikble. 
Spores  and  spore  cases  of  Lyoopoilium-WVui  pluiils  (I^pidoden- 
drids)  are,  however,  extremely  abuntTant  —  the  spores  ftppi^aring 
as  minute  grains.  Vegetable  alruclure  may  also  be  detoctad, 
even  in  anthracite,  by  preparing  thin  seotions  ami  rendering  them 
as  translucent  as  pait- 
siblu.  The  associated 
shales  are  often  richly 
afwked  with  fronds  of 
ferns  and  fra^^nents 
of  flowerl«Bs  plants. 
They  arc  c  I  o  s  e  I  j 
pressed  on  the  surfaces 
iif  the  laminfD,  snt] 
preserve  all  the  deli- 
inle  stniutures  of  th« 
plant  in  such  perfnc- 
linn  as  fully  to  reveal 
ilH  nature.  Remains 
<jf  plantK  are  also  vfton 
dissemtnntnd  through 
tlie  sandstones ;  and 
here  occur,  aonietimos, 
funsiderable  f rag- 
iiionts  of  trnrt  tninks. 
In  sonic  remftrkablv 
ill  in  All  erect  position, 
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together  with  other  growths  iti  thei 
Joggiria,  in  Nova  Scotia,  Fig.  323. 


original  situations,  as  at  the 
The  limestones  embraced  in 


1.  S34.— Erect  Stuhfh  i 


the  Coal  Measures  contain,  of 
—  especially  Brachiopoda,  Brj 


or    THE    COAI.    MEASDBEa   AT  THE   JoSfllHI, 

loursc,  the  relics  of  marine  forms 
eoa,  Criiioids,  and  Fishes.  These 
limestones  and  their  included 
faunn^  become  largely  developed 
as  at  La  Salle,  and  in- 
westward. 
A  synopsis  of  the  classifica- 
of  plants  is  given  on  page 


i  terrestrial  types  most  abundant  iti  the  Coal  Measures 
iidy  well  represented  in  tho  later  Dpvoniftn.     They  wore 


KOJ.UI1II-. 


rniKS. 


rri..-il\  .1. ■/■";/!  *'.'  iir  Itt  i-i-l'ifli'/l-n  <if  tlic  i-UsBCS  Ferns,  Cala- 
iiiai'hiiis  ;iiiil  l._v<'o(iiMl.f;  lliouirli  SDiiif  ( iymnospernis  were  also 
|iri--i'iil.  i'!i|M-i-inlly  '  '"/•i/"if'!i.  mill  piissJI'ly  iilsi'  a  few  Aiig-io- 
^|i.'iiiis.  Ni.  i-..|iiiiiiis  111'  .\[iissi-s  wen-  known  iititil  Oic  very  recent 
i.liM-.,M.r>  ..(■  SMV,-ral  s|ii-.i.  s  ;,t  t^urumcnlry,  hi  Kraime.  Tlie  stems 
tir.'  routiii  tiirc'i'  to  (out  ciintimo- 
ires  loiifT-  Only  a  single  Fungus 
is  kjiowTi  in  America,  anil  that 
rri.in  {'anni-ltnn,  Pa.  (lA'siiuuri'ux  I. 
No  A,n,Ti,-:.n  Paln.s  or  other 
.\iij!-i<.sj.>Tjns  :.r..  known.  The 
l-Vins  W.T.-  iiartlv  Trot-  Ferns,  and 


(Im 


wh.. 


A    fn 


■on]. 


on  the  »lo]u's  of  high  mountains 
lu'iir  the  i><)UHtor  or  on  tropical 
islaiul-s  it.  the  Pueific  Ocean.  A 
livinfT  Tri'i-  ?Vrn  is  Khown  in  Fig. 
;i"-i4,  iirirl  ii  fossil  sjiecicH,  restored 
l>y  Dinvsim,  is  rf'|irciduced  in  Fijf. 


TIj.- 


left 


i<>v;tl  of  th<-  leaves  of  a  Tnte 
'iTD  iiri'  i|iiili'  charHirteristic,  and 
r-'  a  ]>riiuiiial  means  of  distinc- 
ioii  anionjr  (he  fossil  speples. 

■.]'. ."iih  Thi-  o^rviiiiT  jiart  of  the  Coal 

",'  '.I  ■''      ')"■  "".'in     M''asiin'     ferns    wiTc    herhaevous, 
.:     \  ■■    ■/.'■■..I'll"    Till'  .■i.iiiniione.sl    sjiceies  hi-long  to 

'; '        '    ■""   - •■]]'•      \<  iiriijitifU,      I'nt.Hilo/tf't'p- 

'^'.'T.. ,';!!!.,'.''"'"'    /■  fi«  {V\ix.  :'>-i-i).  Sphiwjiliria,  and 

/•,.-„/'("■/.  runulie«. 
i:ii  i.'iiis    weri'    rulati.-d    In    I  he    inoileni    fd/iiiiuit't   or 
^l<i.U-]'ii    I-:-i"is.l'i  uri'  .sniull.  herliaceous  plants,  but 
\il,u.,il.,'    ■iitiiiru-.l  :.    Ii.'ljrlii    of  ihirty   feet.     The 
Til  :iP'  i\,/.i,„il,^-  (Fi;rv  :t-;u-:i-,".it.  .Uhrt^iliyUitet 
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AsterophyttUea  and  Annvlaria,  generally  treated  as  distinct 
from  Calamitea,  are  by  some  regarded  as  merely  stems  and 
leaves  of  that  genus.  More  recently  they  are  thought  to  be 
related  to  Lycopods. 


Pina.  3SS-3SO.—LtpUtoden(lron.  333,  Lipidodindroa  restored  Inttei  DaWKonl.  SS4.  SS 
Pieces  ol  Bark,  ebonlng  Ihe  '-scars."  KBS,  Bnincb  witb  kavex.  !«?.  Leaf.  33 
Fralt  cone.    339,  Two  fcales  or  the  Fnilt  cone  wLtb  Fruit  (eDlarEed). 

Fios.  Sa-3M.-3lgUlaTie.  340,  SIgUtarIa  ceslored  (arter  Dswean).  HI,  A  Leaf.  343,  M 
Pleeee  of  Blem  of  Iwo  different  species,  wUh  Bnrk  ndhering,  showing  Scars  of  b« 
and  wood.  S44,  Ideal  section  of  Stem,  ahawlag  (ai  Plih.  <ft)  Vaecolar  cjllnder,  0 
Inner  layer  of  Wood,  W)  Omer  layer  of  Wood,  (e)  Bark,  (/)  Vaecnlar  threads  goln 
from  the  vascakr  layer  to  the  leaves,  and  (g)  Medullary  Rays.  345,  A  Scalarlfon 
vessel  from  [he  Inner  layer  of  wood.    346,  Perforated  yessel  from  tho  ont*r  layer  o 


The  class  of  Lycopods  includes  among  extinct  forms,  Le^do- 
dendron  and  SigiUaria.  In  coal  production  tiiey  hold  a  place  of 
first  importance.  Lepidodendron  was  a  genus  of  large  trees 
related  to  our  humble  ground  pines  and  SelagineUa.  The  bark 
was  marked  by  scars  arranged   in  quincunx  order  as  shown  in 
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Figa.  834  ttiui  li:); 
restoration  of  L^ 
on  a  larger  scale. 

^Sigilliiria  was  a  closely  reUlcd  genua  of  large  trees.  It  is 
lit  once  diatinguialied  from  Lejtklodendron  by  liaviiig  its  trnnk 
scurtt  arran(;ed  in  vertical  aeries  insti^nd  ut  iliagoiial.  Tlif  parts 
of   HiijiUario.  ara  illuglrated  in  FigB.  a40-34i>. 

liamaria  (Figs. 

348)  is  merely 

sub  terranean 

part  of  a  HigiUaria. 

The    types    of 

plants  thus  noticed 

evidently 

fortncd  tht^priiitnpal 

part  of  the  coal. 

f^pidoHcuilron  a»d 
SigiUaria  austain  rela- 
I  tiona  to  modern  XyfO- 
/loditan  and  iStlaffiritUa, 
but  differ  in  tlie  presence 
I  of  pith  ;  to  CycadetB,  ia 
the  tibro-caacidar  oylind«r 
(Fig.  344,  b);  to  Fire,  in  their  disc-bearing,  minute  vt-ssela  (Fig. 
34C);  and  to  Ferns,  in  their  scalnriforin  veasela  (Fig.  345)  and 
scarred  stem  left  by  fallen  fronds  (Figs.  334,  33S,  U^i,  and  343». 
They  are,  therefore,  striking  ill iiat rations  of  comprehensive  typet. 
They  represent  an  early  stoek  existing  while  yet  there  were  nei- 
ther characteristic  Gynospenns.  Cycads,  nor  Aiigiospernis ;  bub 
out  of  which  all  these  types  were  to  be  gradually  unfolded. 

The  marine  life  of  the  Upper  Carbotiiferous  uompri»ea  mostly 
the  family  types  descended  from  the  Devonian.  Even  most  of 
thu  genera  are  the  same. 

Air-breathing  auimala  now  formed  a  tsoiispieuaus  part  of  the 
fauna.     Land  Snails,  Myriapods,  and  Nuuropti^ruus  Insect^ 
some  Otthopters,  became  comparatively  abundant.     Crui 
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increased,  but  the  type  of  Trilobites  now  made  its  last  appear- 
ance. Ganoid  and  Selachian  Fishes  continued  abundant.  The 
remains  of  Amphibians  proclaim,  like  the  other  air  breathers,  the 
increasing  importance  of  the  land.  But  they  were  mostly  scaled 
and  plated  Amphibians,  combining  ganoid,  amphibian,  and  rep- 
tilian characters. 

7.  Origbi  of  Mineral  Coal.  It  seems  to  have  been  princi- 
pally from  vegetation  which  grew  on  the  spot.  Bituminous  coals 
contain  about  81  per  cent  of  carbon,  and  anthracite  about  95  per 
cent.  The  former  contain,  in  addition,  about  5^  per  cent  of 
hydrogen  and  12^  per  cent  of  oxygen,  and  anthracite  about  2^ 
per  cent  of  each.  Common  wood  contains  50  per  cent  of  carbon, 
6  per  cent  of  hydrogen,  and  43  per  cent  of  oxygen.  Ordinary 
coals,  therefore,  differ  from  common  woody  tissue  in  diminished 
quantities  of  hydrogen  and  oxygen;  and  this  loss  is  greatest  in 
anthracite.  This  is  the  nature  of  the  change  which  vegetable 
matter  undergoes  when  immersed  in  water. 

Next,  the  remains  of  vegetation  are  found  incorporated  in 
the  substance  of  the  coal,  and  disseminated  abundantly  through 
the  strata  associated  with  the  coal. 

Thirdly,  beds  of  peat  are  coal  beds  in  which  the  vegetable 
matter  is  still  in  the  earlier  stages  of  change,  and  are  evidently 
coal  in  process  of  formation.  But  we  know,  from  observation, 
that  peat  originates  from  plants  growing  on  or  near  the  place 
where  the  peat  accumulates. 

This  explanation  is  entirely  applicable  to  the  formation  of 
coal,  since  it  is  shown  that  vegetation  was  growing  luxuriantly  in 
the  places  where  the  coal  beds  were  forming.  The  character  of 
the  vegetation  indicates  that  it  grew  on  low  grounds;  its  preser- 
vation from  decomposition  indicates  that  standing  water  was 
generally  present,  and  the  numerous  layers  of  sandy  or  muddy 
materials  prove  that  inundations  were  of  frequent  occurrence. 
In  proportion  as  limestones  exist,  we  have  proof  of  deep  and 
lasting  inundations  by  the  waters  of  the  oceans.  The  coal- 
making   areas,    therefore,    were    little    elevated    above    standing 


in 
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water,  ami  were  very  iinsUble  iii  tlioir  position.      They  were  sub- 
merged and  barely  emergent  in  comparatively  rapid  succession. 

The  carbon  in  the  coal  has,  therefore,  been  derived  chiefly 
from  the  atmosphere.  It  must  have  existed  there  in  the  form  of 
carbon  dionide.  Now,  we  find  that  the  oxidation  of  a  layer  of 
carbon  3^  feet  thick  over  the  land  would  use  iip  all  the  oxygen 
in  the  atmosphere.  As  the  whole  amount  of  carbonaceous  mate- 
rial in  the  oarth's  trust  would  make  a  layer  of  carbon  over  three 
feet  deep,  it  appears  thnt  at  a  time  when  it  existed  as  carbon 
dioxido,  there  must  have  lieen  in  the  atmosphere  more  oxyg;en 
than  now  exists,  tfaougli  it  was  all  combined  with  carbon,  ai 
none  existed  (roe  for  the  support  of  respiration.  But  the  lim 
stones  in  the  earth's  crust  represent  more  than  30(1  times  as  much 
i'urbon  dioxide  as  tlie  coal;  and  all  the  carbon  dioxide  of  tha 
post-carboniferous  limestones  must  have  nxislpd  in  the  atmos- 
phere along  with  that  which  yielded  the  carbon  of  the  tioal. 
This,  as  calculation  shows,  was  suflicioiit  to  produce  a  pressure  of 
:!^4  atmospheres.  But  n  pressure  of  80  atmospheres  rendere 
f^arbon  dioxide  a  liquid.  It  is  evident,  therefore,  that  no  such 
ainounts  of  carbon  dioxide  could  have  existed  in  the  atinofiphe 
at  the  epoch  of  the  coal  measures,  or  at  any  epoch. .  We  uid 
conclude,  finally,  that  the  carbon  dioxide,  represented  in  the  coal 
and  the,  carbonates  of  the  earth's  cmstf  must  have  been  yielded 
to  the  atmosphere  progressively,  as  required.  As  there  is  lio 
probability  of  its  derivation  from  thn  earth,  it  seems  likely  tu 
have  been  furnished  from  external  space — b  conclusion  of  a  very 
suggestive  character. 

8.  Groiatfi  of  the  Lnnd  thiritii}  the  Vppet  C'lirhimi/urouit 
Age,.  The  configuration  of  the  land  at  the  beginning  nf  the 
period  of  coal  formation  is  shown  in  Fig.  349.  It  follows  from 
what  has  been  said  of  the  progressive  northward  eneroachitient 
of  the  carboniferous  deposition  in  the  Illinois  basin,  and  the 
prevalence  of  the  older  coal  deposits  eastward  and  the  newer 
westward,  that  a  depression  was  in  progress  toward  the  north, 
which  brought  the  surface  progressively  to  the  low  level  requisite 
for  coal  preservation,  accompanied,  probably,  by  a  corresponding 
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elevation  in  southern  Illinois  and  Kentucky,  such  as  to  brings  the 
surface  too  high  for  coal-m&king  conditions  in  the  Uter  epochs 
of  the  period.  (Compare  Fig.  318.)  Correspondingly,  there  was 
a  moderate  rise  along  the  eastern  Appalachian  region  during  the 
later  epochs.  Westward,  eoal-inaking  conditions  persisted  in 
Ohio,  Indiana,  and  Illinois,  until  the  concluding  stages  of  the 
period,  when  there  seems  to  have  been  a  recurrence  of  marine 
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oonditions  in  Illinois,  Missouri,  and  Kansas,  and  farther  west  a 
continuance  of  the  marine  conditions  which  had  existed  during 
the  Lower  Carboniferous  Age. 
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Jura-Trias 

or  Red  Sand- 

)   stone  Forma- 

I  tioiiof  Atlan- 

I  tic  Coast. 


Til''  rriassi(r  System  is  m)  ikiuumI  from  its  threefold  division 
oil  tin'  continent  of  Kurope;  tlio  Jurassic,  from  the  Jura  Mount- 
ains, aii«l  I  lie  (hvtaceoiis,  from  the  presence  of  great  supplies  of 
i'halk.  TIh*  Koipato  (irou])  commemorates  tiio  Indian  name  of 
tli<'  West  IIuinhoMt  Ivari^-o,  formed  of  rooks  of  this  age.  The 
Star  l*«ak  (inmp  is  >o  named  !>>'  King  from  the  mountain  of  that 
name.  Tlie  (irouj)  names  for  the  Jurassic  arc  derived  from 
Flaminii'  (J()r«r<'  on  the  (iroon  Ttiver  in  Wyoming,  and  the  White 
CI  ills  (»!'  Soutlurn  Utah  on  the  border  of  the  Grand  Canon  dia- 
triet.  rh(^  (iroups  of  Interior  Cretaceous  were  named  by  Meek 
and  llayden  i'r<»m  localities  in  the  Upper  Missouri  region. 

'I.  Tin.  7/'/V/.s'x/V'  St/.sfein.  Triassic  rocks  are  unknown  be- 
tween ilu^  Appalachians  and  the  eastern  slopes  of  the  Roeky 
Mountains.  In  \\u\  eastern  provin(^e  occurs,  in  numerous  isohited 
patches,  a  formation  long  known  as  Jura-Trias,  in  consequem-e  of 
uncertainty  as  to  its  age.  One  of  the  principal  areas  occupies 
the  vnll(\v  f»f  the  Connecticut  from  New  Haven  to  the  northern 
part  of  Mas.->a(rhusetts.  Another  stretches  from  the  southern 
])art  of  New  York  acrt)ss  northern  New  Jersey,  to  the  north  of 


FORMATIONAL   GEOLOGY. 


4:>5 


Philadelphia,  and  west  of  Washington,  into  Virginia.  Other 
smaller  areas  occur  in  western  Connecticut,  Virginia,  and  North 
and  South  Carolina.  The  rocks  are  largely  red  sandstones,  and 
in  New  Jersey  and  Connecticut  are  extensively  worked  for  build- 
ing purposes,  furnishing  the  well  known  "  brown  stones "  of 
northern  cities.  The  formation  near  Richmond,  Va.,  and  in  the 
Dan  River  and  Deep  River  districts  of  North  Carolina  embraces, 
in  the  middle  member,  valuable  beds  of  bituminous  coal  The 
coarse  limestone  breccia  known  as  the  Potomac  Marble,  seen 
near  Point  of  Rocks,  Md.,  and  elsewhere,  lies  at  the  bottom,  and 
outcrops  along  the  western  border  of  the  principal  area.  The 
thickness  of  the  formation  rises  to  3,000  feet. 

The  eastern  Jura-Trias  has  afforded  few  organic  remains, 
except  foot  prints  and  coal  plants.  At  Portland,  and  other  local- 
ities on  the  Connecticut,  the  surfaces  of  many  of  the  layers  of 
the  brown  sandstone  are  covered  with  foot  prints  of  animals, 
many  of  which  are  believed  to  have  been  three-toed  reptiles,  such 
as  are  known  to  have  lived,  a 


little  later,  in  New  Jersey,  and 
in  other  parts  of  the  world. 
(See  page  339.)  Mammals  ap- 
peared during  this  period,  and 
a  jaw  found  in  North  Carolina 
has  been  represented  in  Fig. 
272.  The  prominent  feature  of 
the  Age  was  the  commence- 
ment of  the  great  expansion  of 
the  reptilian  type.  Fontaine 
has  recently  subjected  to  care- 
ful study  the  coal  plants  from 
this  formation,  and  found  them 
to  belong  to  the  age  of  the 
Lias;  and  it  is  quite  possible 
that  the  whole  formation  is 
Jurassic. 

In    tht'    western     province, 
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Fio.  :i50.-SLAB  OP  Sandstone  from  Tur- 
ner's Falls,  with  Tracks  of  Three- 
TOED  Reptiles.  (B.  Hitchcock.)  XiiS* 
(0,  a,  XT^ff.)  a,  ft,  f.  Reptilian,  t/.  Am- 
phibian. 
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s(.iii.-  I.e. Is  of  sandstones,  rrd  niarlitrs,  and  gypsum  outcrop  alon^ 
ill'*  «;i>t«'rn  slope  of  the  Kocky  Mountains  (see  the  Map,  pag4.* 
1  !'•).  which  an*  either  Triassie,  or  near  tlie  hottoui  of  the  Juras- 
sic. Ill  I  he  Mll<  Mountains  ol  western  Ooloraflo,  Triassic,  or 
Ti  ia»Ic()-.Inra>sie  sandstoiH's  and  niarlitos,  horizontally  stratified, 
in,ik»-  uj>  a  thousand  feet  of  the  l)asal  portion.  Triassic  strata 
torn!.  :i!s(),  part  {)(  the  I'inta  and  \\'alisateh  Mountains,  attaining' 
a  thickiH'.ss  of  Kuod  to  Kt>()0  feet.  hi  the  West  Humboldt 
Ikjinii'-,  i\^o  izn>uj)s  arc  i<'c:ot:nizal)le.  The  lower,  or  Koipato, 
( .)iisi>i^  ol  a  iircat  tliickness  of  (juartzose  and  argillaceous  strata, 
-K<><'"  !<•  li.lMio  It't't  thick.  These,  toward  the  north,  become 
i:ra«!i;i!ly  nictaniorjiliosed  into  a  ])or})hyroid  quite  destitute  of 
<M;ii  ilic.it  idu,  and  much  resembling  an  erupted  I'elsile  ])orphvrv. 
Tlic  Mj.j)cr,  Ml"  Stai'  Peak  (Iroup,  consists  of  a  vast  series  of  alter- 
iKitiiiLi  liniesiono  and  (piartzites,  attaining  a  thickness  of  10,00o 
feci.  The  maximum  tliickness  of  the  Triassic  in  the  West  Huin- 
l'«)ldi  Paiigc  \<^  therefore,  about  10,(>OO  feet.  These  two  divis- 
i'li^  ar«*  also  recognized  in  tlie  area  east  of  the  Wahsatch  Mouii- 
t.iin-:  but  no  fuiM  her  correlation  of  strata  can  be  shown.  Triassic 
rocks  arc  also  involved  in  the  Sierra  Nevada,  and  extend  into 
eastern  ( 'aiifoinia,  where  tliev  an*  sometimes  auriferous. 

The  Ivoij)at()  (Jrouj),  which  is  rejiresented  by  dark  red  beds 
east  of  liic  Wahsatch,  is  (piite  d(\stitute  of  fossils;  while  the 
Si  a  I  Teak  (iroup  al)ounds  in  marine  forms  characteristic  of  the 
sr)  call'd  Alpine  Tiias  of  h]urope. 

The  Tria^sico-.lurassic  beds  of  the  eastern  province  rest  in 
loULi  nortlu*asterly  tri'nding  furrows  or  depressions  between 
ri<lL:'^^  of  lv)//)ic  rocdvs.  TIk*  hitter,  not  being  covered  by  strata 
inteniKMliate  between  the  Eozoic  and  Trias,  appear  to  have  con- 
stituted a  part  ')f  the  dry  land  during  the  Paheozoic  ages,  as 
before  niciitioncfl,  and  as  shown  on  all  the  ])receding  maps  of  the 
<*ontiiieiit  (Kigs.  -^'j;,  :5n4,  IJl*^,  :M0).  After  the  Palieozoic,  this 
reuinii,  either  through  subsidence  or  erosion,  or  both,  became 
lowcH'd  aizaiii  below  sea  level  in  its  eastern  part.  In  the  West 
numl»oi<lt  l)asin,  similarlv,  the  1Vias  rests  unconformablv  on  the 
erod.'d  lv»z«)ic  and  Cambrian  strata.     But  in  the  Wahsatch-Uinta 
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basin,  it  rests  conformably  on  the  Upper  Carboniferous;  and  the 
succession  of  conformable  strata  is  complete  downward  to  the 
Eozoic,  showing  that  the  presence  of  the  ocean  was  there  unin- 
terrupted from  very  early  times.  [The  small  scale  of  the  Map, 
Fig.  47,  renders  it  impossible  to  represent  the  small  geological 
areas.] 

A  commo7i  feature  of  the  Triassic  everywhere  was  the  erup- 
tion of  volcanic  materials.  The  trap  cliflFs  of  Meriden,  Conn.; 
East  and  West  Rocks,  New  Haven;  the  Palisades,  on  the  Hud- 
son; Mt.  Tom  and  Mt.  Holyoke,  in  Massachusetts;  Bergen  Hill, 
in  New  Jerse3';  the  ninety-mile  trap  dike  in  southeastern  Penn- 
sylvania, Fig.  313,  are  all  features  of  eruption  toward  the  close 
of  the  Triassic  Age.  Less  conspicuous  dikes  are  very  numerous. 
Similarly  erupted  products  are  intimately  associated  with  the 
Trias  of  the  far  West;  and  the  same  is  true  of  European  Trias. 

3.  The  Jurassic  Si/sieni.  Except  so  far  as  indicated  in  connec- 
tion with  the  Jura-Trias  of  the  eastern  United  States,  the  Jurassic 
of  North  America  is  confined  to  the  regions  west  of  the  Missouri 
River.  The  most  easterly  beds  lie  along  the  eastern  bases  of  the 
Rocky  Mountain  ranges,  and  consist  of  reddish-yellow,  friable 
sandstones,  gray,  arenaceous  marls,  reddish-brown  bands  of  clay, 
and  thin  bands  of  cherty  limestone,  a  less  compact  dolomitic 
limestone,  and  thin  beds  of  gypsum.  These  strata  are  mostly 
destitute  of  fossils;  but  at  Como,  fossils  are  abundant,  and  fix 
the  age  of  the  formation.  The  cherty  limestone  is  quite  a  per- 
sistent horizon,  and  the  fossils  abound  in  the  marls  above  and 
below. 

In  the  Uinta  range,  in  the  Flaming  Gorge  region,  the  System, 
as  now  understood,  has  a  basal,  fossiliferous  limestone,  200  feet 
thick,  followed  by  sandstones  and  shales,  250  feet;  a  middle 
limestone,  300  feet,  with  fossils,  followed  by  clays,  shales,  and 
thin  sandstones;  and  at  the  head  of  Burnt  Fork,  a  white  sand- 
stone is  seen  at  the  top  of  the  series.  The  whole  thickness  is 
750  feet  or  over. 

Tn  the  Wahsatch   range  we  have  heavy-bedded  limestone  at 
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tli«^  l)<)tt«)iii.  with  a  vast  si.Ties  of  silicious,  arjrillareous,  and  calca- 
rf'Miis  slialrs  al)ovr,  llic  wliolo  rising  to  1,800  feet. 

In  w('sl(  rn  Nevada,  t\ii'  liniestones  in  the  lower  part  attain  a 
thJrkncss  of  I,.')*)!)  to  •?.()<>»)  i't-rt,  and  the  sbah^s  and  slates  above, 

Thus  the  .liiras.sii*  .stiaia,  which  show  a  minimum  thickness  of 
s(*\  riit  v-ti\  r  f<'ft  al  tht'  eastern  base  of  the  Colorado  range,  grad- 
ually tliickeii  uj)  to  ']!')()  feet  in  the  I-inta,  1,800  feet  in  the  M^ab- 
bateli,  .11  It  I  ♦),0()n  feet  in  western  Nevada.  This  is  analogous  to 
the  cliaiiLre  observed  in  the  Pal;iH>z'»ie  strata  in  passing  from  the 
Missis>ij)j)l  to  the  Appahu'Iiians.  The  direction  of  the  gradation 
i>   r<\rrse(l;   but    the  priueiple  of  diminution   in  volume  with   re- 

<  <-.si<)ii  from  th<^  s>uree  of  the  secbinents  is  tlie  same. 

The  slates  of  the  upj>er  (Uvi.sion  of  the  Jurassic  extend  into 

<  a>f.  Ill  (\iliforuia:   and  on  tin*  Mariposa  estate,  and  in  neighbor- 
i:i:^    i.'^ions.  beeoiue  the  i»<)l(l-l)(»arini»*  fortnation. 

( )ii  tli«'  southwestern  border  of  the  High  Plateaus,  near  the 
^)7th  paiallel  and  I  IDtli  uieriiban,  the  Jurassic  consists  of  a  series 
of  hiii^hi-rrd  f(>ssiliferous  shali's,  300  to  500  feet  thick,  resting  on 
II  \erv  )nas>ive  bed  of  white  sandstont*  nearlv  a  thousand  feet 
thick. 

Th(*  fossil  remains  of  the  Jurassic  are  characterized  hy  the 
nlativc  abundance,  of  the  Annnonite  group  of  the  Cephalopoda 
(see  j)ai:«'  .')'2(i)  :  l)y  l^ehMunites,  or  Cephalopods  of  the  higher 
order.  I  )il)ran('lis;  by  a  great  incn^ase  of  Lamellibranchs;  by  the 
a<l\<'nt  of  tlie  uKxhMii  crinoidal  genus  PciifacrhiifSy  find  a.n  enor- 
mou-i  development  of  the  class  of  Reptiles  (see  page  335).  Ju- 
lassic  Iveptiles  of  iri<raMtie  size  have  l)een  described  by  Marsh 
from  Morrison  and  (^nlon  City,  Colo.,  and  from  Wyoming. 

NN'liile  the  Juiassie  is  unknown,  or  at  least  not  certainly  iso- 
late(b  in  the  eastern  Tnited  States,  it  is  a  widespread  formation 
tlirouiil)  all  the  region  between  the  Hlack  Hills  and  the  Sierra 
Nevada,  and  as  far  south  as  Arizona;  and,  for  its  reptilian  re- 
maiii'^,  is  a  formation  of  extraordinary  interest.  In  European 
geol-.i^y  the  Jurassic   j)oss<'sses  foremost   importance,  and  admits 
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of  three  main  divisions  —  Wealden,  Oolite,  and  Lias  —  with  sev- 
eral subdivisions  for  the  Oolite. 

4.  Tlie  Cretaceous  System,  (1)  Distribution  and  Kinds  of 
Hocks.  The  Cretaceous  has  a  moderate  development  along  the 
Atlantic  slope,  a  larger  development  in  the  Gulf  States,  and  cov- 
ers extensive  areas  in  Texas,  and  a  still  wider  region  over  the 
Great  Plains,  along  the  eastern  slope  of  the  Rocky  Mountains. 
It  is,  besides,  extensively  involved  in  the  general  geology  of  all 
the  interior  of  the  continent,  though  extensively  overlaid  by  Ter- 
tiary strata,  as  appears  from  a  glance  at  the  Map,  Fig.  47.  On 
the  Pacific  border  it  occurs  in  the  Coast  Ranges;  and  north  of 
the  national  boundary  it  stretches  far  along  the  eastern  flanks  of 
the  Rocky  Mountains  —  perhaps  to  the  Arctic  Ocean,  and  occurs 
at  Vancouver  and  Queen  Charlotte  Islands,  and  at  many  other 
points  in  the  interior. 

In  New  Jersey  the  strata  consist,  below,  of  bluish  and  gray 
clays,  micaceous  sand  with  fossil  wood  and  angiospermous  leaves, 
130  feet,  and  above  of  dark  clays,  green  and  ferruginous  sands, 
and  yellow  limestone,  300  feet  or  over,  making  a  total  of  400  to 
600  feet.  In  Alabama  the  lowest  member,  or  "  Eutaw  Group," 
is  a  heavy  mass  of  clays,  laminated  micaceous  shales,  and  irregu- 
lar layers  of  green  sand,  with  fragments  of  dicotyledonous  leaves 
—  the  whole  over  415  feet.  Above  are  eighteen  feet  of  loose 
and  concrete  sands  with  Upper  Cretaceous  fossils,  followed  by 
the  "  rotten  limestone,"  at  least  350  feet,  uncemented  sand  45 
feet,  and  a  white,  marly  limestone,  6  feet.     Total,  about  900  feet. 

The  Cretaceous  of  the  Atlantic  and  Gulf  borders  may,  there- 
fore, be  said  to  consist  of  an  argillaceous  group  below,  and  a  cal- 
careous group  above.  The  strata  dip  gently  toward  the  Atlantic 
and  Gulf,  and  pass  under  the  Tertiary.  The  order  of  superposi- 
tion in  Alabama  is  shown  in  Fig.  351.  The  vertical  lines  show 
the  positions  of  selected  artesian  wells,  which  are  bored  in 
large  number,  into  the  lower  beds  of  the  System,  where  thfe 
sandy  layers  carry  supplies  of  pure,  sulphuretted  or  saline  water. 
The  Cretaceous  here  rests  directly  on  the  Coal  Measures.  The 
Permian,    Triassic,    and    Jurassic    must    underlie    in    the    region 
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south  of  the  northern  limit 
ot*  the  Cretaceous.  But 
it  is  manifest  that  a  sub- 
si(leiK'<'  occurred  near  the 
he^inningof  th«»  Cretaceous, 
and  the  sea  gained  on  the 
hind.  This  is  true  also  on 
tlif  Atlantic  border. 

The  Cretaceous  rocks  in 
Ti»xas  consist  more  general- 
ly of  solid  limestones,  show- 
ing deeper  water  and  a  re- 
ff.ir- Lauding  moter  shorc.  Tracing  the 
formation  northward,  we  find 
continuecl  accessions  of  ar- 
gillaceous and  fragmental 
matters.  In  the  I'pper  Mis- 
souri region,  the  lowest  mem- 
ber is  I  lie  coarse  Dakota 
Sandstone,  often  appearing 
truly  conglomeritic,  which 
romos  in  abruptly  above  the 
calcareous  beds  of  the  Ju- 
rassic. It  spreads  westward, 
southward  to  the  Uinta 
Mountains  and  Kansas,  and 
even  into  New  Mexico,  in- 
creasing in  thickness  from 
400  feet  in  Dakota  to  500  in 
the  rintas.  Next  above  are 
the  davs  and  limestones  of 
the  Colorado  Group,  attain- 
ing a  thickness  of  1,700  feet 
on  the  Upper  Missouri,  and 
2,000  feet  in  the  Uintas. 
Then   follows  the  Fox  Hilla 
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Group  of  gray,  ferruginous,  and  yellowish  sandstones  and  are- 
naceous clays,  500  feet  thick  above  Fort  Pierre  and  along  the 
base  of  the  Big  Horn  Mountains,  and  3,000  to  4,000  feet  in 
the  Uintas.  Finally,  the  Laramie  Group,  attaining  a  thick- 
ness of  2,000  feet,  is  found  very  generally  from  New  Mexico  far 
into  British  America,  over  a  belt  500  miles  wide  and  more  than 
1,000  miles  long.  There  is  evidence  that  it  extends  southward  even 
into  Mexico.  It  consists  of  brackish-water  deposits  below,  and 
fresh-water  above.  The  rocks  are  mostly  sands,  clays,  and  shales 
colored  with  lignitic  materials,  and  containing  beds  of  bituminous 
or  semi-bituminous  coal,  known  as  lignite.  The  Laramie  contains 
plants  and  marine  shells  resembling  Tertiary  species  found  in  Eu- 
rope, and  hence  some  geologists  regard  it  belonging  to  the  Ter- 
tiary System.  But  the  Laramie  is  in  some  places  unconformable 
with  the  overlying  Tertiary  strata,  and  its  land  fauna,  containing 
Dinosaurs,  was  decidedly  Mesozoic.  Besides,  some  of  the  Mol- 
luscs possessed  Cretaceous  characters.  Dr.  C.  A.  White  has  re- 
cently shown  that  the  Chico  Group  of  California  is  probably  of 
this  age. 

^/  (2)  Economic  Products  of  the  Cretaceous.  Cinnabar  is 
found  in  the  Coast  Ranges  of  California  in  minable  quantities. 
The  best  known  localities  are  New  Almaden,  50  miles  southwest 
of  San  Francisco,  and  New  Idria,  in  Fresno  county. 

Gold  is  found,  to  a  limited  extent,  in  the  metamorphic  Creta- 
ceous of  California,  and  so  are  copper  and  chromic  iron;  but 
none  of  these  are  worked.  It  may  be  here  mentioned,  that  with 
the  Carboniferous,  Triassic  and  Jurassic,  the  Cretaceous  makes 
the  fourth  system  of  strata  found  gold  bearing  in  California. 
The  age  of  the  formation,  therefore,  is  not  important.  It  is 
metamorphism  which  seems  to  have  separated  the  metal  and 
gatliered  it  in  particles  and  grains  from  the  rock. 

The  Green  Sand  common  in  the  Cretaceous  of  New  Jersey 
is  mined  as  "  marl  "  for  fertilizing  purposes.  The  green  grains, 
called  also  glaxd conite^  contain  8  to  12  per  cent  of  potash  and 
soda,  with  a  trace  of  phosphate  of  lime.  Some  of  the  limestones 
of  Alabama  have  recently  been   found  richly  phosphatic,  as  re- 
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pcit.-l  l»y  l'r'»t'.  K.  A.  Siiiitli,  ami  may  provt'  ()f  p:roal  iui})ortance 
t<j  aiLiicnltm-c. 

dull  is  found  to  a  ronsl(l«'ral)le  extent  in  the  Dnkota  (iroup, 
;»l  its  v.iy  '».ise,  in  the  Tinta  re*^i(>n.  It  occurs,  also,  on  Van- 
couver Island,  in  hi'ds  referred  to  the  (Mh4'o  [C.Mioo'co]  Group  of 
('alif-'inia,  \vhi<'h  is  I'pper  Cn'iaceous — in  tho  position  of  the 
('(•l<»rado    (Jroup    «)f  the    I'pper    Missouri.      In   C'alifornla  coal  is 

j'n-.ln 1    tnuii   thi'Tejon  [Ta'-hon]  (iroupin   the  Coast  Ranges, 

and  this  has  h.rii  tMMisJHh'ri'd  to  hold  the  place  of  the  I^aramio 
<ir"np  i.f  the  Interior;  l»nt  Dr.  White,  in  a  recent  memoir,  baa 
sh"\vn  if  t')  !)«'  «»f  l'](»ceni'  ai»'e.  Hack  from  Se-at'tle  on  Pnpfct 
Soiiiid,  Wash  in  lit  on  Territory,  <'oai  (d'  excidleni  quality  is  mined. 
T'li  niih's  fp'Jii  Se-at'th'  is  th<'  so  called  licnton  coal;  at  twenty 
mil's.  th«'  N<\v('ast  h' coal.  <»f  l>ett<'r  <piality;  and  at  30  to  40  miles 
it.n  k.  f'M  ('i'dar  Iki\«r,  is  the  ('olenian  c«»al,  of  still  superior  qual- 
it\.  '-i'taitK-d  it)  a  ImmI  n'port«*(l  -JO  feet  thick.  Still  farther  I mck, 
in  !ii"  I'oct  llill.s  of  tlie  Cascadi'  Mountains,  is  said  to  occur  the 
l-tsi   ■•;■   ;dl  ;    hut   this  is  not   v«'t  o}>ened. 

Til'.'  ro;d  supplies  «»r  thr  ( 'n^taceous  possess  very  <2^reat  impor- 
t.iii<<',  sinr(>  the  coal  is  of  trnocj  (jualitv,  and  is  widely  distributed 
il.i<)'i_ili  n  Liioiis  not  supplied  with  Paheozoic  coal.  The  Van- 
<■■  iii\ 'f  and  \\'ashini:t()n  coals  an*  shipped  to  San  Francisco  and 
t'M-  ll.iwaiian  UlaihU.  The  Larande  (iroup  coal  is  widely  em- 
pi*  \«il  ill  1  tall  at  l']\anst«»n  and  ( 't»alville:  in  Wyoming,  at  Car- 
h'iii  .m-l  llallvillc,  at  Hlaek  Butte  Station  on  Bitter  Creek  and 
li'Mi-  I»i\ci-,  and  in  the  I'inta  hasin ;  in  (\>lorHdo,  at  Denver, 
(i<.|d.  n  ('itv,  and  other  hx'alities;  in  New  Mexico,  at  the  Old 
I'ia'-.  r  Mini's,  in  the  San  La/.ar<>  .M<»u!itaiiis.  The  bed  at  Evans- 
ion  ■.  'l\\  f.Mt  tlii<'k,  contaiinn;^  *^\  ■>><  per  cent  of  volatile  sub- 
.stai:''s,  aii'l  1 'J  r>()  per  cent  of  carhcui.  Tin*  Wyoming  coal  is 
>!i:i.i'<d  eastward  as  far  as  Omaha.     At  the  Old  Placer  Mines  the 

1 

locks  ai'-  npinined  and  nietamorphie,  as  in  east<'rn  Pennsylvania, 
and  the  coal,  accordingly,  is  partially  del)itumeni/.ed  —  containing 
fr. .(II  <"..>  to  '.«!  p,r  cent  of  fixed  carbon.  This  is  of  Laramie  AgB, 
and  .it's  in  the  Trinidad  ( 'oal  FieM  of   Stevenson,  which  Stretohei 
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along  the  eastern  base  of  the  Rocky  Mountains,  lying  partly  in 
Colorado  and  partly  in  New  Mexico. 

Productive  coal  measures  occur  in  tlie  Cretaceous  on  the 
coasts  of  the  islands  and  main  land  north  of  Victoria,  British 
America,  at  Maple  Bar.  At  Nanaimo,  Departure  Bay,  extensive 
mines  of  Laramie  age;  also  at  Comox,  an  extensive  field  not 
worked.  Coal  partly  anthracite,  associated  with  plants  having 
Jurassico-Cretaceous  affinities,  according  to  Dawson,  has  been 
recently  reported  from  Old  Man  River,  Martin  Creek,  and  one 
other  locality  farther  northwest,  on  the  Suakwa  River.  Coal 
outcrops  are  reported  from  the  Lower  Cretaceous,  on  the  line  of 
the  Canada  Pacific  Railway,  at  the  crossing  of  the  South  Saskat- 
chewan, and  at  Bantry;  and  from  the  Laramie  at  Bassano,  Crow- 
foot, and  Coal  Creek  (long.  114°  35'). 

The  Cretaceous,  therefore,  is  a  great  coal-producing  System, 
perhaps  not  inferior  in  importance  to  the  Carboniferous.  Since 
it  produces  no  chalk  in  America,  its  name  appears  to  be  doubly  a 
misnomer. 

(3,)  Fossil  Renuiins  of  the  Cretaceous,  The  Brachiopods 
are  reduced  mostly  to  the  lerebratida  Family.  The  Lamelli- 
branchs  increase  in  numbers  and  diversification,  and  approach 
decidedly  toward  modern  types.  The  Oyster  family  is  largely 
developed.  Some  oysters  ( Gryphcea  mutahilis)  were  seven 
inches  in  diameter  in  Alabama,  and  other  species  {^FJxogyra 
costata)  were  ?i\e  inches  across;  while  Ostrea  larva  presented  a 
strikingly  falcate  form,  with  a  deeply  and  acutely  sinuate  border. 
The  Ammonite  family  continued  to  increase  in  importance  (see 
the  notice,  page  326),  but  completely  disappeared  at  the  close  of 
the  Cretaceous.  The  higher  order  of  Cephalopods,  Dibranchs, 
continued  to  increase.  The  family  of  Belemnites  was  largely 
represented.  The  Belemnite  resembled  a  modern  squid,  but  its 
internal  bone,  or  osselet,  was  prolonged  behind  in  a  cone  called 
the  pen.  This  had  a  longitudinal  cavity  [alveolus)  opening  for- 
ward, and  having  at  its  posterior  end  a  chambered  cone  called  the 
phragmocone,  which  liad  a  siphuncle.  The  ink  bag  was  contained 
within  the  cavity  of  the  osselet. 


4;;  1  (t|;(>i.<h,i(ai.  .vri'DiKs. 

A  liiu'liU  (.•liaractcrisriL*  rt^ptiK^  of  tliti  Cretaceous  was  the 
M.is.i.oii/i'Hs^  (Irscrilx'd  |)a<r<'  -i-JS,  wlioso  v<»rtel)ra*  are  ooinmoii  in 
tin*  I  I'jur  ( 'r<-ta(t'»uis  of  the  (.lull'  rrgion.  This  was  an  age  of 
sliaik>,  l)i)th  S(nial<><h)nt.s  auil  ( \'Stra(Mouts.  Their  tei^tli  lie  scat- 
ty i<l  aiiunaantly  <)V«r  tlio  cxpos^'d  Cretaceous  surfaces  of  Ala- 
haiiiM  ainl  Mississippi  —  l»y  tli<'  roadsich's,  in  the  fiehls,  and  along 
tin*  rivi-r  niaiiiins.  Tclcosl  fishes,  or  thos<.»  of  the  modern  type, 
luMMriK'  (jnlt<'  abundant.  I^iants  of  modern  dieotyledonous  genera 
pi«'\,ii|.d  in  tin-  lr)r«'sts,  l)esides  many  modern  forms  of  nionoco- 
tyl'-loii^.  On  the  whole,  the  dawn  of  the  modern  aspects  of  the 
\\ '  •!  Id  \\  as  »'\  itlrnt  Iv  near. 

.'».  '/'///  P/i i/situfunmit  <tf' t/it  lutwinr  Iff' t/n  Coftthiejif.  The 
M.  s. )/.  lie  .-strata  eiit<M-  so  lar»»-elv  into  tiie  formation  of  the  whole 
hit-  lior  iliat  wo  turn  for  a  moment  to  a  general  consideration  of 
its  jiiivsiuLinoinv.  Aftrr  passinjj-  th<'  **  Province  of  tiie  (.Jreat 
r'. tills,"  uhich  stretch  westward  from  the  Missouri  River,"  we 
ic.K'li  th<-  Hist  liaMi;<s  of  th(»  lloeky  mountHins  proper — the 
('(.loiado  and  i.aiamie  I\ani:*es — tiie  former  also  known  as  the 
l'i«>iit  IJanue.  Tln'sc  are  sueeeeded  at  intervals  of  30  or  40 
mil'  >  !v  the  Merjicine  How  and  Park  Ranges,  and  the  Sahwatch 
M«.mi(  ains.  TIu'sm  are  hroad  massive  ranj^es,  serrated  with  loftv 
^n-iw  <'()\cnil  jicaks,  and  t  rending  approxitnately  north  and  south. 
Tin*  \  :ill«'\  s  Ix'twcMi  tlh-m  lire  fertil<M*xpanses  known  as  "  Parks," 
lik.-  "  N'.iili,"  "  Middle/*  and  "Soutii"  Parks.  Th«Mr  snows  form 
a  |'«ii-nnial  ir.srrvoir  for  streams  flowing,  on  one  side,  into  the 
(iiiir  of  Mixieo,  and,  on  the  oiiu'r,  into  the  Gulf  of  California. 
Tin^t*  mountains  are  sometimes  known  <u)llectivelv  as  tlie  Park 
M<.unlains;  and  t  h(^  whole /one  forms  tiie  *' Park  Province."  It 
niav  !M'  r«'Liardi*d  as  ext<Miding  to  tlie  lOTth  meridian. 

W.  sr  of  this  comes  tlie  ''Plateau  Province,"  a  broad  elevated 
e.\|.an*-<'  broken  l>y  faults,  cut  hy  gorges,  wasted  by  denudations^ 
an<l  I  lot  ted  with  innumerable  volcanic;  outbursts,  lone  mountains 
and  Lir<Hij)s  of  mountains,  an<l  short  ranges.  It  is  drained  by  the 
('()iora<lo  River  of  tlie  West  and  its  tributaries.  It  stands  on  an 
average  r),()()0  to  T,00()  feet  al)ove  the  sea.  Its  mountain  features, 
of  which  tile  I'inta  constitutes  tlie  nortiiern  bouudarv,  trend  east 
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and  west.  Soutliward,  the  Plateau  Province  stretches  into  Ari- 
zona. It  terminates  westward  with  the  Wahsatch  Mountains,  a 
north  and  south  range  which  has  been  split  longitudinally  by  a 
great  fault,  on  the  west  of  which  the  mountain  and  the  whole 
country  has  been  sunken  six  to  seven  thousand  feet. 

The  steep  westerly  front  of  the  Wahsatch  Range  overlooks 
the  next  province.  It  is  called  the  "  Great  Basin,"  or  "  Basin 
Province."  It  is  500  miles  wide,  stretching  to  the  Sierra  Nevada, 
and  stands  generally  at  a  level  lower  than  that  of  the  Plateau 
Province.  It  is  characterized  by  a  large  number  —  probably  over 
150  —  of  short  mountain  ranges,  which  trend  north  and  south. 
Some  of  these,  in  order  westward,  are  the  Gosiute,  Pequot,  East 
Humboldt,  Pinon,  Cortez,  Shoshoni,  West  Humboldt,  and  Monte- 
zuma ranges.  The  Union  Pacific  Railroad  passes  the  northerly 
extremities  of  these.  On  the  south  are  numerous  other  short, 
meridional  ranges,  continuing  at  least  as  far  as  the  37th  degree 
of  latitude.  These  are  known  as  "Basin  Ranges."  The  drain- 
age of  the  Basin  Province  is  mostly  toward  interior  salt  lakes. 

The  Basin  Province  is  bounded  by  the  Sierra  Nevada,  another 
great  mountain  range  split  longitudinally  along  its  crest,  with 
the  eastern  half  let  down  3,000  to  10,000  feet.  The  steep  east- 
ern face  of  the  Sierra  Nevada  overlooks  the  Great  Basin  toward 
the  east,  as  the  Wahsatch  faces  it  toward  the  west.  From  the 
summit  of  the  Sierra  Nevada  the  country  slopes  generally  toward 
the  Pacific,  and  forms  the  **  Pacific  Province."  The  Coast  Ranges 
of  California,  however,  interrupt  the  slope,  and  cause  a  longitu- 
dinal valley  along  the  centre  of  the  state,  stretching  from  Mt. 
Shasta,  on  the  north,  to  far  beyond  Tulare  Lake  on  the  south. 
From  the  north  along  this  valley  flows  the  Sacramento  River;  and 
from  the  south  the  San  Joaquin.  The  two  bend  westward  on  the 
38th  parallel,  and  find  exit  through  the  Coast  Ranges  into  the 
Bay  of  San  Francisco. 

Tlie  name  Rocky  Mountains  is  by  some  employed  to  embrace 
all  the  mountains  from  the  Colorado  Range  to  the  Sierra  Nevada. 
But  this  seems  objectionable.  The  breadth  of  country  is  more 
than  a  thousand  miles.     The  mountain  features  are  not  conform- 


4'M\  (ji:()i,(><ii(:AL  ^n  lUKs. 

ii\'\i'  t<«  <>in'  plan;   tln'V  «1<)  not   ri>!istitut<*  one  sv>tiMn;  tliev  wore 

1  ■  •  ■  • 

iiplil'tcfl  ,it  various  lifoloiifir.  cporlis;  thov  an>  separated  by  broad 
iiitrrvaU;  tlirv  an*  I'ornitMl  of  rorks  of  various  a^es.  Wo  may 
iltsiiiiialo  as  Cordilloras,  afli-r  llinnbolcit,  tlu*  entire  assend)Ia^o 
..f  iiioinitalns,  and  restrict  the  nanio  **  Kockv  Mountains"  to  the 
P.irk  lJanLi«s  alonu'  tho  oastorn  bordor.  Tliese  constitut**  tiie 
■  li\  iliiiii'  riliro  botwi'i-n  tin*  waters  ilowinif  into  the  Mississi|»|»i 
and  ilio^o  llowinn-  into  ih«'  Pacifu*. 

(I.  f  'n,//^n//'tfff'rr  (it"/'ff///  ({/'  f/*^  /^nnufirtn.  Tiio  rcMitral 
Ilia^^<•>^  of  tlh"  Park  .\b)nntains  are  of  PJozoic  strata,  and  are  en- 
wraji)t'd,  ofttii  uiu'»)nforniably,  by  l*aIa'ozoic  formations.  All 
th.^'-  art-  iii\<»l\.tl  in  tin*  di^turbancos  of  the  prinwtive  upheavals. 
M«><./.i'ic  and  (  \iMio/oi<'  formations  abut  against  the  uplifted  slopes, 
ami  liav<'  Imm-ii  t  lirmsolvcs  tilttjd  ))y  later  upheavals,  and  extensively 
u.ivt.-.j  l.y  drniidat  ion.  (See  the  sort  ion,  Fi;^-.  I55'2.)  The  old  nuclei 
\\.  I-.-  <\t.'n.si\  .ly  plii-ated  witii  elosely  appressed  folds  prior  to 
tl.<     -I.p. .sitiMM    of    tin*    later    sedinu-nts.     Tlie    Park    Mountains 

-t I  a>  it. nil-  islands  in   (lie  nn<lst   of  th<'  oeean  of  Mesozoic  and 

( ':iii')/..»ic  tiiiH-s.  This  streieiied  from  bevond  the  Wahsatch 
Moiiiit.iins  .-ii^twarl.  It  <"ovore<l  the  whole  of  the  Plateau  Prov- 
i:i.i'  liil  !.ii«'  in  ( ';en'»/,oi«'  time,  and  <'ontinued  to  receive  the  sedi- 
in<  lit-  r.  Ml?  liiiut*-'!  troin  i1m'  ancient  continent  farther  west.  The 
Pi.it' Mil  rr't\iiHM'  is  almost  whollv  underlai<l  bv  ]>ost-Palaeozoio 
St  laia,  t  honjli  in  j>laces  u[)lieaval  and  erosion  bring  Carboniferous 
-tiaia  into  \ir\\.  The  I^asin  Province,  now  so  depressed,  was, 
til!  ( '.I  ri<-/.<)i.-  tiiiH',  til*'  m«»>t  t-h'vati'd  region  of  the  Interior.  It 
i-  'iini<  r!a;d  h\  l']o/«.i.'  and  Pal:eo/oie  rocks,  with  some  Meso- 
/•...-  aii'l  (  M'lio/.oic  in  th<'  llundioldt.  Mountain  district.  It  was 
nio-'lv,  .hniiii:  Mcso/oie.  aii<l  (_':enozoic  time,  a  continental  mass, 
uiili  -iraiiiaL-o  «ast\vard  into  the  ocean  of  the  Plateau  Province. 
It  -  i;ij)l;i.|  tlir  .s«'(lini«'nts  wjiieh  overspread  its  bottom,  and 
was  ua-^i'd  bv  ilir  s«r\  ieo.  Finallv,  in  late  Tertiary  time,  the 
1  Nit.  Mil  r.-Liion  was  raisod  al)ove  tiie  level  of  this  ancient  land, 
and  tii<-  Paik  r«'i:'i<>n  was  olevated  still  higluM'.  Thus  the  direc- 
ti<ii  ■■;"   tin*  tlrainai^e  was  reversed. 

Tin-    iiplitt   of   ilie(iroat    Plateau   was   aecf)m{)anied  by  an  ex- 
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tensive  system  of  faults,  which  rent  the  Plateau 
Province  from  north  to  south.     The  huge  result- 
ing prismoids  present  the   various  attitudes  and         || 
mutual    relations   which  have  been   described   as  I 

Kaibab    structure,    Uinta    structure,    and    mono- 
elinea  (page  160).     These  features  are  illustrated 
in    Figs.  85,  86,  and  87.     Volcanic  outflows  have 
contributed  to  further  modify  the  surface,  form- 
ing sometimes  mountain  saliences  aboce  the  pla-     5  |' 
teau,    and    sometimes    broad    sheets    on    which     ^  ', 
erosion  has  subsequently  acted,  cutting  slit-like     I 
gorges  and  carving  high   mesas,  which  rise  like     S 
titanic  tables  here  and  there  over  the  scarred  and     g 
desert  expanse.     Some  of  the  most  important  vol-     » 
oanic  mountains  in  this  Province  are  Pilot  Butte,     ° 
the  Uinkarets,  and  San  Francisco  Mountain.     Heri;     » 
also  are  the  mountains  of  the  laccolitic  type,  like     ^ 
the   Henry,    the   Navajo,  and  Sierra   la  Sal  {see     15  | 
page  157).     In  southern  Utah  the  Caenozoio  and     g  E 
Mesozoic  formations  terminate  in  a  succession  of     o  I 
gigantic   steps    descending  toward   the   Colorado     ». 
River,  whose  "Grand  Canon"  cuts  five  and  six     S 
thousand  feet  deeper  into  Palieozoic  and  Eozoic     ^ 
rocks.     The  cafion  features  are  illustrated  in  Fig.     " 
31;  and  a  bird's-eye  view  of  the  southern  part  of     J 
the  Plateau  Province  is  shown  in  Fig.  87. 

7.  Geological  History  of  the  Cordilleran  Rk- 
ffion.  It  will  be  remembered  that  the  Cordilleran 
wing  of  the  continent  at  the  end  of  Eozoic  time 
stretched  in  width  from  the  Nevada  region  east- 
ward to  the  104th  meridian;  and  that  it  then  be- 
gan to  sink,  and  continued  sinking  during  the 
entire  progress  of  Palieozoic  time,  so  that  finally  ri] 

only  the   highest  peaks  rose  through  the  mantle  i"--^ 

of  sediments.     The  Cordilleran  ocean    was    now,  ■""        -' 

as  it  had  long  been,  an  archipelago;  and  the  fast 
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^•■rif.s   oi'    Pnhi'ozoio-    scdinioiits,   oovering  thn  ancient    continent 
n neon tonna  1)1  V,    worn    (Mitirolv    coiifonnahlo    anions:    themselves 
n   sljitp  of   tliiiiifs  (juilo    nnliko   the   frecjueiitly  o(*currin<r  un- 
<  ■  iiroriiialtililics  cast   of  tlu'  Mi.ssissii)})i. 

W  iil('sj)r<'a(l  iii('c'liM!iical  disturhaiioos  now  occurred.  The  land 
ar^a  west  of  tlio  X<'va<la  Pain'ozoic  .siir)ro  became  depressed,  while 
ail  tin'  tliiik<'st  pail  (»f  tlu'  Palaeozoic  deposits  from  the  Nevada 
slioic,  casi  ward  to  and  including  llie  Walisateli,  rose  above  the 
('■  'an  and  lucaiiH'  a  land  area  (King).  Between  the  new  conti- 
iHiil  and  the  old  on<'  whi<*li  went  down,  to  the  west,  there  was  a 
<«)nij)l<t('  cliaiiiic  of  (u)ndition.  T\h'.  land  became  ocean,  the 
<(■<  an  Ix'canic  land.  'V\\r  ik'W  land  extendetl  eastward  to  include 
tin-  W'alisatcli.  Kastward  of  tliat,  to  the  (xreat  Plains,  and  in- 
<iudini2-  tlh'ni,  the  former  ocean  l>e«l  remained  undisturbed.  The 
new  made  land,  from  the  Wahsatc^h  to  IIT"  i^O'  west,  now  yielded 
tlh-  ><'>linion(s  rlestine<l  to  form  all  the  post-Carboniferous  forma- 
iioii«>.  riiat  is,  the  Basin  Provinc<'  was  tlien  the  continent,  and 
eastward  stretched  a  vast  mediterranean  sea,  as  far  as  Kansas  and 
Nel'ra-^ka,  and  southward  to  the  (iulf  of  Mexico,  and  northward 
j>r<'l>al)ly  to  the  Antic  ()c(;an.  (C'omj)are  the  map  of  America  at 
this  «'|'oeh,  I'iir.  •)'">)).)  ^^'est  of  the  new  land  mass  of  the  Basin 
Province,  the  succ(^ssiv(^  de})ORitsc>f  the  Triassic  and  .hirassic  Ag'es 
\\(r<'  laid  down  in  cc)nformal)le  slKu^ts  of  (enormous  thickness,  di- 
rect Iv  but  unconformablv  ni)on  the  ancient  Eozoic  floor.  East  of 
t  lie  same  land  mass,  the  Triassic.  and  Jurassic  sediments  rested  con- 
f(*rinalily  on  the  top  of  the  Carboniferous.  West  of  the  Basin- 
Provin<'e  Land,  over  the  Sierra  Nevada  belt  and  California,  the 
M«so/.f,ic  sediments  attained  a  thickness,  by  the  close  of  Jurassic 
iinir,  of  *J(),(KM)  feet  ;  in  the  mediterranean  sea,  a  thickness  of 
only  )i,sn()  feet.  The  western  sea  was  deep;  the  mediterranean 
was  shallow. 

At  the  close  of  the  .Jurassic  A*j;(\  the  western  ocean,  with  its 
original  ilorir  of  Eozoic  rang-es,  overlaid  by  twenty  odd  thousand 
ftM't  of  .Jura-Trias  sediments,  suffered  abrupt  orographical  uplift, 
r<\sultinL!;  in  the  sharply  folded  ranges  of  the  Sierra  Nevada,  and 
<\t«'ndin;T   the   continent    '200    miles    further  west.      This   uplift 
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■tretohed  southnaid  as  far  as  the  36th  parallel,  and  northward 
probably  to  Alaska.  East  of  the  Wahsatch,  however,  everything 
remaiDed  undisturbed.  The  earliest  sediments  of  the  Cretaceous 
were  laid  down  conformably  over  the  Jurassic.  But  the  great 
event  which  had  marked  the  history  of  the  Basin  and  Nevada 
provinces  was  signalized  over  the  Plateau  and  Park  provinces  by 
an  invasion  of  coarse  and  even  conglomeritic  deposits.  These 
constitute  the  Dakotah  Group  of  the  Cretaceous.     They  stretch 


from  the  H  ahsatch  into  Kansas.  They  (,o\ered  the  entire  bottom 
of  the  mediterranean  sea;  that  is,  the  entire  Province,  with  the 
exception  of  a  tew  Ekizoic  islands  which,  from  the  time  of  the 
Cambrian,  had  stood  above  the  plane  of  deposition.  This  phy- 
sical condition  of  things  continued  through  the  Cretaceous.  The 
greatest  thickness  attained  by  deposits  of  this  Age  was  along  the 
western  border  of  the  ocean,  where  we  find  about  12,000  feet  of 
Cretaceous.  Passing  eastward,  the  thickness  diminishes.  Along 
tfae  eastern  base  of  the  Rocky  Mountains,  we  find  it  thinned  to 
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=.  !   roouB,  I    ? 

'■•     KU^'";",.,,,.  Killer...  ,    Hiihrstone,  r.VaX),  I  f  1     Sili-     i    3 

(ai   WMliMitcli  I»ivi-inii,  '^  J  «    I  clous,  J    * 

'])  I'lK  n oFoiiii.ifiunof  ('ojM'.  Tlu;  T»'jon  (J roup,  Californiii,  is  Eocene. 

j  liluff  Lignite,  ]  n^ 

1  ii,'nitiv,  1,()«H)  ft.,  j  Or:>nj;o  Sand,  or  La  (irange,    ■  g  |. 

I  Porter's  Creek,  J  ^  ? 

The   trriiis,  '•Tortiarv   and    '*Qnal(T'iiarv"    are  survivals   of 

•  »■  »• 

jui  old  systoni  ol"  noiiRMiclature  in  wliicli  "Secondary"  was  nearly 
oniiivideni  lo  our  *' Mcsozoic/'  and  **Priniarv''  had  a  somewhat 
undefined  ranufe  ovoi' rocks  older  than  "Secondary/'  "Eocene," 
*'  .Miocene,''  and  '*  PIkhmmio,"  introducod  hv  Lvell,  are  from  Greek 
terms,  .sinnifyinu'  "Dawn  of  tho  Recent,"  "Less  Recent,"  and 
"  Mor.-  L*eeent.''  Some  ineludo  tlie  upper  part  of  the  Eocene, 
and  ih«'  lowei-  of  the  Mioeene,  in  anotlxM'  g-roup,  "  Oligocene," 
which  siuiiirns  '•slii»htlv  recent."  The  Miocene  and  Pliocene, 
taken  lo^-etlier,  are  sometimes  desi<rnatod  "Neocene,"  signifying 
*' newer  leeent.''  The  subdivisions  of  the  Tertiary  groups  are 
<lesii:iinted  hy  u'eonraphieal  terms.  Those  most  distinctly  limited 
l)eir)?in  1,)  the  (ireat  Plains  and  the  Cordilleran  region.  The 
Pueico,  thoun'li  <r<Mierally  reg'arded  as  embraced  in  the  Wahsatch, 
is  urn-e.l  l)y  Cope,  witli  i^ood  reasons,  as  a  coordinate  group  below 
the  \\'.ih>ateji.  The  terms  employed  for  the  divisions  of  the 
<^)uat(  rnary  refer  to  the  pliysieal  conditions  prevailing  —  except 
"  < 'haniplaln."  whi(di  allurles  to  tlie  basin  of  the  lake  of  that 
nai?ie. 

'■I.  (if  (>i/r(ip/iit't(l  Pistributioii  of  the  Tertiari/,  The  Tertiary 
strata  aee<ssible  to  study  embrace  onlv  the  limited  areas  which 
liave  Ijeen  raised  above  water  level,  or  otherwise  drained,  since 
the  ejoM^  of  Mesoz(jie  time.  They  are,  therefore,  of  comparatively 
small  extent,  and  })artly  in  detached  interior  regions.  A  belt  of 
marine  Tertiary  strata  extends  from  Martha's  Vineyard  over 
Lonti'  Island,  southern  New  Jers(?y  and  the  Atlantic  coast  to  Key 
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West,  and  thence  around  the  Gulf  border  into  Mt^xico,  It  grad- 
ually increases  in  width  to  Fiorida,  atta^ining  in  Georgia  a  breadth 
of  245  miles.  In  the  valley  of  the  Mississippi  it  spreads  out  in  a 
deltoid  form,  reaching,  with  its  apex,  to  the  mouth  of  the  Ohio. 
A  belt  of  marine  Tertiary  stretches  along  the  Pacific  coast,  form- 
ing, with  the  Cretaceous,  the  Coast  Ranges  of  mountains.  Sev- 
«ral  detached  but  extensive  areas  of  fresh-water  Tertiary  occur 
in  the  Interior.  The  Great  Plains,  up  to  the  bases  of  tlie  Rocky 
Mountains,  and  southward  to  the  Gulf  of  Mexi<!o,  are  covered 
with  lacustrine  Tertiary,  chiefly  of  Pliocene  iige,  at  surface. 
Another  Pliocene  basin  exists  in  Nevada,  and  a  third  in  the  North 
Park.  A  great  basin  stretching  from  the  Colorado,  or  Front 
Range  westward  to  the  Wahsatch  is  of  Eozene  age.  Norlhwest 
it  extends  to  the  Wind  River  Mountains,  over  the  so  called  Green 
River  Basin,  and  southward  it  stretches  into  New  Mexico.  Over 
part  of  the  eastern  slope  of  the  Rocky  Mountains,  along  the 
valley  of  the  White  River,  are  Tertiary  deposits  of  .Miocene  age, 
underlying  the  Pliocene;  and  others  spread  through  central  Ore- 
gon along  the  John  Day  River.  The  Eocene  beds  of  the  Cordil- 
leran  region  attain  a  thickness  of  10,000  feet.  The  Puerto  of 
Cope,  which  perhaps  is  not  included  in  the  estimate,  extends 
from  the  sources  of  the  Puerco  Hiver  in  New  Mexico,  northward 
and  a  little  east  of  the  Wahsatch  Mountains,  consisting  of  green 
and  gray  marls,  500  to 
l,200feet  thick.  Cortfpk'- 
odon  and  other  mam- 
group 

Harsh  subordinates  the 
Puerco  to  the  Wahsatch. 
The  Tertiary  strata 
are  generally  little  cohe- 
rent. They  have  conse- 
quently been  worn  by  •■' 
rains  into  deep  ravines, 
ftnil  fluted  slopes,  and  isolated 


Wahsatch 
Lnting;    but 
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tute  of  veniurc  aiirl  soil,  arp  known  as  fnativaitea  teifes,  or  "bad 
lands" — a  designation  Tiret  applied  to  a  portion  ut  the  White 
River  region.  A  view  in  miii  of  tlmse  Bad  I^nds  in  New  Mexico 
is  given  in  Fig,  3o5. 

3.  Oryanic  Heiuniiit  of  the  Tertiary.  'I'lio  throe  grflat  divis- 
ions of  the  Tertiary  are  based  on  the  percentage  of  molluscan  spe- 
cies belonging  to  the  recent  fauna.  In  the  Eo<!eiie  the  pi'rceiitaga 
of  recert  species  is  small;  In  the  Mlucpnc,  less  than  half,  and  in  the 
Piiiioene,  mor<i  than  half.  Generally,  linwover,  the  asjinct  of  the 
molluscaii  faiinii  was  dcoiilodly  modern.  It  contiiined  fow  Br«- 
ohiopods,  nuu)erous  Lauiollihranchs  and  Gasteropoda,  and  no 
chambered  shells  except  Nautilus.  Sharks  of  the  SqualodonL 
type  were  very  abundant;  and  IVk-ost  Fishes  prevailed  as  in 
modern  seas.  The  remains  of  the  lattiir  arc  of  very  frequ«t)t 
occurrence  in  the  Green  Itiver  Shalra,  in  the  tipjuir  pan  of  the 
Wahsateh  formation. 

The  great  feature  of  the  organic  life  of  (he  Tertiary,  how- 
ever, was  its  Mammals.  Ougongs  and  "Whales  abounded  lu  the 
sen.  Ztiuf/lodoti,  a  whale-liki^  mauimul  with  an  attenuated  pos- 
terior part,  attaining  a  length  of  over  JO  feet,  hgs  left  its  boneB 
ill  the  White  Limestone  of  the  Boeenc  of  the  Gulf  States.  Ver- 
tebrip  of  whales  are  found  at  Gay  Head  on  Martha's  Vineyard, 
together  with  the  teeth  uf  tjqualoids. 

The  land  Mammals,  whieli  were  fnr  morn  important,  h»ve 
been  already  notieed  fls  far  fls  apace  pprmirs  on  pBges  348-3fi8, 
whieli  the  student  should  now  review. 

4.  Qiiatertiari/  JValeriaU.  Here  we  return  tn  il.e  point 
from  which  we  started  on  entraneu  upon  this  study.  In  Part  1, 
Studies  l-IH,  attention  was  riiiwcted  lo  the  materials  .if  the  Drift, 
and  their  method  of  arr&ngemciit,  These  Studies  should  be  now 
reviewed.  The  principal  objeet  of  the  next  eleven  Studies  (IV— 
XIV)  was  to  become  uequainled  with  the  materials  of  the  Drift. 
Ill  Studies  XV  and  XVT  wu  also  eonaSdcred  phenomena  of  the 
Drift.  Thus  the  simple  observation  of  things  nearest  at  hand 
led  onr  thoughts  to  operations  performed  many  ages  before  man 
existed   on   the  etirtli  — opiTntions  uf  erosion   and   se.IimentAtion 
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which  have  contributed  so  greatly  to  form  the  vast  rock  masses, 
and  sculpture  the  terrestrial  surface  into  the  forms  which  it  pre- 
sents to  our  eyes.  In  this  place,  therefore,  we  have  only  to  refer 
to  what  has  been  said,  and  add  a  few  statements  of  facts  not  so 
easily  observed. 

(1)  Phenomena  of  the  Surface  Materials.  A  line  having  a 
general  westerly  direction  from  Sandy  Hook  through  Cincinnati 
marks  the  southern  limit  of  bowlders.  From  Cincinnati  it  con- 
tinues to  the  parallel  of  38°  in  southern  Illinois  and  Missouri; 
but  west  of  the  Missouri  River  it  trends  in  a  direction  parallel 
with  the  river  into  Dakota.  The  incoherent  surface  materials  on 
the  south  of  this  line  differ  in  several  respects  from  such  materials 
on  the  north  of  it.  (a)  On  the  south  there  are  drifted  materials, 
as  well  as  on  the  north,  but  bowlders  larger  than  pebbles  are 
wanting,  {b)  On  the  north  we  notice  a  distinction  of  unstratified 
Drift,  semi-stratified  Drift,  and  stratified  Drift.  The  first  consists 
of  clay  with  imbedded  bowlders,  lying  generally  on  the  bed  rock, 
but  often  outcropping  at  the  surface.  The  second  consists  of 
sand,  clay,  pebbles,  and  a  few  larger  bowlders,  showing  oblique 
and  irregular  lamination,  and  holding  position  above  the  till  or 
unstratified  Drift.  This  has  evidently  been  moved  and  laid  down 
by  powerful  and  irregular  currents  of  water.  The  stratified 
Drift  is  composed  of  horizontal  beds  of  fine  materials,  mostly 
along  the  borders  of  lakes,  or  in  situations  from  which  lakes 
have  disappeared.  It  appears  to  be  the  result  of  lacustrine  action, 
and  is  thus  a  ^Hacustrine  formation."  Its  position  is  above  the 
semi-stratified  Drift.  Another  form  of  obscurely  stratified  mate- 
rials occurs  sometimes  along  river  valleys.  It  is  fine,  loamy,  huf- 
fish, and  calcareous,  with  occasional  remains  of  vegetation  and 
land  animals.  It  is  known  as  loss^  a  German  term.  It  may  be 
seen  on  the  Mississippi  River  at  Vicksburg,  Memphis,  and  Daven- 
port; on  the  Des  Moines  at  Des  Moines,  and  on  the  Missouri  at 
Council  Bluffs  and  Omaha.  We  find,  also,  fluviatile  deposits  of 
recent  origin.  The  term  Drift,  as  ordinarily  employed,  is  not 
understood  to  embrace  the  lacustrine,  lOss,  and  fluviatile  depos- 
its, though  they  are  all  mostly  modifications  of  Drift.     On  the 
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^.iitli  <•!  tlic  hoiiiwliirv  line  named,  the  unstratified  Drift  is  want- 
inii:  liiit  semi-strjitili<Ml  Drift  is  gcnonilly  present,  together  with 
Mcci^ioii.ii  iMciistriiK',  iin<l  more  abundant  fluviatile  and  lOss 
<  i  t  •  j  1  • '  > !  1  -^ . 

('  )  (  h\  tii«-  north  of  th<'  hounchirv  line  the  Drift  materials 
xtcnl  doNviiwanl  to  th<'  bed  rock,  and  ond  abruptly  on  a  solid, 
hut  xniK'tim.'s  >hattcn'(l,  rock  surface.  The  solid  surface  is  gen- 
«'r.ill\  MiHx.t  ht-l  and  marked  l>v  irrooves  an<l  stria*.  On  the  south, 
ilx  ni.li.jn.ly  laminai«'l  Drift  near  the  surface  mingles  gradually 
with  hi.iti-rlals  r«>^ultim:'  from  the  disinteorration  of  the  rock  iin- 
iiK'ii.it civ  uinlt'ilvlnn-,  until  tln^  latter  materials  predominate; 
tiaco  mI"  1  lie  oi  iuinai  ^tratillcatiou  apj)ear;  the  substance  grows 
i.'s^  .111.1  l<ss  I'haiiLicrl.  aii'l  ])asses  downward  by  degrees  into 
s  ni!i  i,  iiiia!t«'r«- 1  l)('d  rock.  That  is,  in  the  soutii  the  lower  j)art 
.)■  li:  >  iiiaii'  d('p<»^its  SI". 'MIS  to  have  resulted  from  the  decav  of 
111--  uul-  I  i\  iiii;-  strata,  and  we  can  trace  tlie  stratification  upward 
!V(Mi!  th-  irialtcnd  rock  into  the  overlying,  uiu^onsolidated  beds. 
Thrs.-  lew.  r  portions  /nnw  Imn  funm.d  whtre  they  lie;  only  the 
iiiL:ii.  I,  i:iM\clly  portions  have  b(?en  brought  from  some  other 
\  ^i'=!i.  The  hiwcr  portions,  therefon*,  are  not  properly  any  part 
<'i'  th-  !>ii:i.  The  upper,  trans])orted  sand  and  gravel  are  much 
;.«^^  ;ii;:iii  hint  tliaii  the  j)ro])cr  Drift  of  the  North;  but  yet,  in 
>  .III.-  h)c:ili!  i(->,  thcv  are  fouiKl  one  or  two  hundred  feet  thick. 

\'l\  Il»/>if'<>n  t>f'  hrlf't  Ph»  lumii  )ui  tn  (Ihnatic  Canutes.  It 
Th;is  aiip'-ars  that  the  irt'oloirical  action  which  in  the  north  re- 
iiiM\.-  1  the  decaved  rock,  smoothed  and  .striated  the  general  rock 
^m  lac,-,  a:id  distributed  the  bowlders,  ceased  to  operate  in  about 
the  i.ititu<r<'  oi  (  incimiati.  It  was  an  action  correlated  to  climate, 
sine.  I  he  (hlVerences  are  latitudinal,  and  the  separating  line,  in 
iiionntain  regions,  is  defiecte(l  scMithward,  like  an  isotherm. 

The  smooth  and  striat(Ml  condition  of  the  bed  rocks  throughout 
the  northern  states  (se(»  Fi^'s.  ''^00  and  213)  is  a  condition  such  as 
is  produced  in  modern  times  in  all  glacier-covered  regions  (pages 
•>sn-isi);  th(^  transportation  of  bowlders  is  a  phenomenon  of 
i^Licier  a«tion ;  and  thus  the  two  most  characteristic  features  of 
the  Drill  are  traceabh',  not  only  to  climatic,  but  to  glacial  causes. 
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Again,  the  deposition  of  the  semi-stratified  Drift  appears  to  have 
resulted  from  some  torrential  action,  such  as  might  be  caused  by 
the  rapid  conversion  of  ice  into  water.  Thus,  while  striae  and 
bowlders  are  phenomena  which  suggest  a  geological  winter,  mod- 
ified Drift  is  a  piienomenon  suggesting  a  geological  springtime. 
Comparing  the  North  and  South,  we  see  that  the  ice  of  the  geo- 
logical winter  did  not  pass  the  parallel  of  39°;  the  floods  of  the 
geological  springtime  rushed  to  the  Gulf  of  Mexico. 

(3)  More  Critical  Observation  of  the  Drift.  Now  that  we 
plainly  see  reasons  to  regard  the  Drift  as  the  result  of  glacier 
action,  much  light  is  shed  on  the  nature  of  other  phenomena. 
The  broad  sheet  of  commingled  clay,  sand,  gravel,  and  bowlders 
firmly  compacted  together,  lying  immediately  on  the  rock  floor, 
may  be  regarded  as  Subglacial  Till  laid  down  beneath  the  thin- 
ning marginal  portion  of  the  ice  sheet.  The  sheet  in  some  places 
overlying  this,  similar  in  character,  but  less  compact,  is  Englacial 
or  Superglacial  Till,  formed  of  materials  imbedded  in  the  ice,  or 
accumulated  on  its  surface;  while  the  more  homogeneous  till,  with 
occasional  traces  of  stratification,  and  holding  a  higher  position, 
is  Subaqueous  or  Floe  Till,  formed  under  water  through  the 
agency  of  floating  ice.     (Chamberlin.) 

In  the  modified  Drift  we  make  (following  Chamberlin)  the 
following  discriminations:  The  long  narrow,  sharp  ridges  of 
gravel  and  sand,  with  some  bowlders,  stretching  out  from  higher 
to  lower  levels,  and  following  generally  the  courses  of  the  larger 
valleys,  are  Osars,  The  assemblages  of  conical  hills  and  short, 
irregular  ridges,  with  intervening  depressions  and  bowl-shaped 
hollows,  are  Karnes  (Fig.  5).  Unlike  the  osars,  they  tend  rather 
to  stand  transverse  to  the  slope  of  the  surface,  and  to  the  direc- 
tion of  the  glacier  movement. 

Among  phenomena  connected  with  glacier  action,  we  dis- 
criminate lateral,  median,  interlobate,  and  terminal  moraines. 
Lateral  moraines  are  accumulated  along  the  borders  of  a  glacier 
(Fig.  211);  median  result  from  the  union  of  two  contiguous 
lateral  moraines,  where  two  glaciers  become  confluent;  interlo- 
bate moraines  result  from  the  joint  action  of  two  adjacent  glacier 
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lobes  or  tongues,  whitili  push  their  contiguous  lateral 
together  without  beooming  properly  one  glacier  atreani.  A  tei^ 
minal  moraine  acouiimlates  in  front  of  the  glacier,  so  that  when 
the  glacier  retreats,  tlie  moraine  remains  us  a  curved  ridge  of 
confused  or  locally  stratified  materiala.     (See  Figs.  HU,  ild.) 

(4)  T/ie  Terminal  Moraine  of  the.  Anciiaxt  Glacitr.  The 
continental  glacier  of  the  United  Btatfs  must  not  be  conceived 
as  one  continuous  sheet  of  ico,  moving  forward  with  equal  pace 
in  all  its  parts,  and  accumulating  a  rigidly  cuntinuons  moraine, 
stretching  along  an  uiibrokpn  glacii-r  front.  The  great  glacier 
suited  itself  to  the  topographical  configuration  of  the  land.  It 
must  be  viewed  as  a  viscid  fluid  pursuing  tho  courses  of  the  great 
valleys,  and  protruding  its  front  in  irregular  lobes,  in  varying 
directions  and  to  varying  distances,  according  to  the  direction 
and  length  of  the  valley  axes.  On  the  general  retreat  of  the 
great  glacier,  therefore,  the  continental  moraine  would  consist  of 
a  scries  of  cresoentic  ridges  more  or  less  disoonnoated.  So  w« 
find  it. 

But  we  must  now  remark  that  the  glacial  period  in  North 
America,  as  in  Europe,  appears  to  have  been  divided  into  two  or 
more  epochs,  separated  by  one  or  more  interglacial  epochs.  Evi- 
dences  of  such  division  have  been  tietectpd  in  so  culled  "dirt 
beds"  in  Illinois  and  elsewhere,  intercalated  in  Iho  glacial  Drift. 
Indications  of  similar  purport  are  found  in  New  Jersey.  W« 
have,  accordingly,  the  phenomena  of  two  or  more  glacier  termi- 
nations. The  older  epoch  was  marked  by  n  glacier  which  had  for 
its  southern  limit  the  line  which  hss  already  been  traced,  and 
which  is  shown  in  detail  in  Fig.  350.  Tho  newer  epoch  appears 
to  have  been  marked  by  a  glacier  leaving,  generally,  a  mora 
norlhern  moraine.  Both  moraines  havu  rttccntly  been  traced 
across  the  whole  extent  of  the  country  from  Cape  Cod  to  Dakota. 
For  this  work  we  are  indebted  chiefly  to  Messrs.  Lewis  and 
Wright  for  the  Atlantic  seaboard,  Chamberlin  for  the  Interior, 
Upham  for  .Minnesota,  atid  Wooster  for  Dakota.  Profeeeor 
Wright's  investigations  extended  also  into  Indiana,  and  Cham- 
berlin's  stretched  from  New  Jersey  to  Dakota.     The  aggregata 
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result B  possess  extreme 
in  Fig.  356. 

A  glance  at  this  map  s hi 
ing;  from  Cape  Cod  along 
Drift  area,  to  Indianapoli 


ind  are  mapped  on  a  small  scale 


iws  a  line  of  morainic  crescents  extend- 
or  near  the  southern  boundary  of  the 
This  is  generally  regarded  as  a  line 
of  vestiges  of  the  terminal  moraine  of  the  earlier  glacier.  The 
more  northern  morainic  system  is  supposed  to  pertain  to  the  sec- 
ond glacier.  It  is  impracticable  here  to  enter  into  any  detailed 
desoription  of  these  moraines.  We  direct  attention  simply  to  a 
few  points,     (a)  The  older  moraine  does  not  border  the  Drift- 


covered  area  west  of  Indiana.  (A)  It  is  not  coincident  with  tliat 
border  west  of  Pennsylvania,  (c)  From  western  Pennsylvania 
to  Michigan  the  second  morainic  system  is  cither  wanting  or  co- 
incident with  the  first  moraine,  or  quite  overlapped  It  and  oblit- 
erated it,  [(I)  West  of  Lake  Erie  the  second  jnoraine  consists 
of  a  series  of  great  loops  rudely  concentric  with  the  great  lakes 
and  their  principal  bays.  It  may  be  added  that  the  directions  of 
the  glacial  striations  on  the  rocks  indicate  that  each  of  these 
principal  and  subordinate  basins  had  its  separate  glacier  sheet, 
which  formed  its  separate  loop  in  the  moraine  system,     {c)  The 
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rtin;iiUal)l('  noil  Invest  t'rlv  tnMid  of  the  moraiiu^  in  the  valley  of 
tln'  Missouri  IJivcr  follows  llu'  isothermal  lines.  (/')  A  broad,  drift- 
lr>s  ar<'a  is  sjiowii  in  Wisconsin,  [f/)  Two  .state  universities  arc 
|..(:it«'.l  on  the  second  torniinal  moraine.  The  University  of  Min- 
nesota is  located  near  the  junction  of  the  e«istern  Lake  Superior 
and  nortiurn  Minnesota  moraim?.  The  University  of  Michijran 
is  on  the  int<  rlo})ale  moraine,  between  the  Sajrinaw  and  Mauniee 
Lilacial  1<)1)«'S  -the  Kames  risinjLr  'J^H)  and  400  feet  above  the  bed 
nxk.  and  tin-  *' cat  hole''  within  the  city  limits  of  Ann  Arbor 
}ni!i2"  <'ii«'  of  the  morainie  *' kettles." 

(.'»)  C/nirncti  rifit  li-fi  nf  (hr  Term  hud  Moraine.  The  Termi- 
nal Moiain«\  oi*  mor«*  sj)eeilieally  the  Second  Moraine,  consists  of 
an  •vtcnsivi'  irrenular  ran<i;-e  of  confusedly  heaped  drift  ridges  or 
knolls.  It  sonn'tinies  consists  of  two  or  more  separate  ranges, 
\\1  icli  occupy  a  width  of  -^0  to  oO  miles,  while  each  range  is  from 
•  IK-  t'»  si\  niihs  wide.  The  morainie  range  is  constituted  of  a 
s<rics  (.r  hills  «»r  ra})idly  hut  gra(;efully  undulating  contour,  with 
rciinlt'd  d»»incs,  conii'al  peaks,  winding  and  occasionally  gen  icu- 
lat<'.l  ridiics,  short,  sharj)  spurs,  mounds,  knolls,  and  hummocks 
iiioiniscuously  ananLr<'d,  aee()m])anied  hy  corresponding  depres- 
sImiis.  Tin*  lattci"  arc  variously  known  as  "potash  kettles,"  "pot 
lid.  s."  *'pots  and  kettles/'  "  cups  and  saucers"  (Fig.  7),  "sinks," 
«'t<-.  Til"  characters  are  shown  in  the  accompanying  view  of  the 
niMLiiiH-  near  Kai^^le,  Wi.s.  (Fig.  o,5i).  These  characters  are  not 
Pun  la  mentally  din'<'rent  from  those  })resented  by  the  general  Drift. 
riiey  are  nnnh  more  pronounceil,  and  are  ranged  according  to  a 
disci ►veral)le  system. 

Internally,  the  moraines  is  distinguishable  into  two  portions. 
The  «)ne,  usually  the  uppermost,  but  not  occujndng  the  heights 
ol"  the  raniie,  consists  almost  whollv  of  assorted  and  stratified 
material,  resend)lini];'  the  modilied  Drift  under  its  usual  and  famil- 
iar aspects  (Fill'.  ^).  The  other  element  of  the  moraine  consti- 
tutes its  basal  and  central  portion,  and  consists  of  a  confused 
connu  in  Idling-  of  clay,  sand,  gravel,  and  bowlders,  often  resembling 
tru{i   subnhu!ial   till.     Jt    is  probably  true  till  pushed  up  by  the 
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glacier,  acted  on  and   locally  assorted  and  stratified   by  waters 
esosping  from  the  glacier. 

(6)   Tabular  lAmeatotie  Masses  Imbedded  in  the  Drift.    In 
certain  regions  —  notably  southern  Michigan,  in  the  counties 
Washtenaw,  Lenawee,  Hillsdale,  and  Jackson,  and  also  in    Ber- 
rien, Van  Buren,  and  Ottawa  —  occur  numerous  tabular  masf 
limestone,  some  of  which  attain   dimensions  of    10  to   30  feel 
square  with  a  thickness  of  one  or  two  feet,  and  supply  material  foi 
)  limekilns  of  a  transient  character.     These  masse. 
;arly  horizontal  positions,  and  lie  imbedded  near  the 


mits  of  knolls  of  aemistratilied  sand.  They  are  fragments  of 
Comlferous  Limestone,  as  the  fossils  prove,  the  nearest  outcrops  of 
which  on  the  north  are  at  Mackinac,  and  on  the  south  within  the 
distance  of  10  to  30  miles.  They  have  not  the  worn  aspect  of 
bowlders;  they  have  been  transported  gently.  The  presumption 
is  that  they  have  been  derived  from  the  south.  The  present  writer 
suggested,  some  years  ago,  that  they  were  floated  by  ice  floes 
formed  over  shallow  lakes  accumulated  in  front  of  the  glacier 
during  the  period  of  retreat.  Chamberlin,  on  the  contrar}-,  has 
suggested  that  they  were  plowed  up  and  transported  by  the 
glacier,  and  made  part  of  the  terminal  moraine.     Similnr  frag- 
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iiK'Hts  ar«'   rcportod    from  Wisconsin.     Tho  explanation  of  these 
t'xccptional  facts  is  still  to  1)0  sought. 

(7)  (7iff//tp/(fhi  Dfjioatfa,  Those  ooitsist  chiefly  of  the  inco- 
li<rr«'nt  stratified  materials  honlering  certain  lakes.  They  are  well 
shf>\vn  altuut  the  western  end  and  northern  border  of  Lake  Erie, 
\vhrn«"e  tli<  V  havt^  been  named  the  "Erie  clays."  They  occur 
;ils<)  ()\«  r  the  western  })art  of  the  ])eninsula  of  Ontario,  stretch- 
iiiLi"  into  Michiijran.  Tlu'V  consist  of  layers  of  clay  and  sand 
iiiiiiLih '1  wit  li  some  vei>;et able  matter,  and  ascend  the  bordering' 
sl».j).s  sniiK'timcs  to  tins  h(ji<:;ht  of  one  or  two  hundred  feet.  The 
l(>\\rr  sandv  la  vers  risintr  to  the  surface  become  saturated  with 
rain  wat*  r,  wliieli  is  borne  alonj^  the  dip  of  the  stratum,  and  thus 
t'lirnisln  s  supplies   of   artesian    water   to   localities   at  the   lower 

l.-N.    Is. 

<  )ili«r  extensive  Cliam])lain  deposits  are  found  in  the  valley  of 
till"  IJed  KMver  (»f  the  North.  Th<»v  were  laid  down  in  a  former 
^r<  at  lake,  wliicli  Mr.  Warren  I'pham  proposes  to  call  Lake 
Aii.i^'-iz.  Tht^  shore  lines  may  still  be  traced  at  various  levels  on 
the  east  and  west.  The  lake  nnist  have  received  the  waters  of 
tl.f  Saskateliewan,  and  had  its  outflow  southward  to  the  Mis- 
si  ^>i  I 'pi. 

]']n  iilcntly  the  sediments  bordering  Lakes  Erie  and  Michigan 
wi'ir  laid  down  when  th(i  lakes  stoo<l  at  higher  levels.  As  to  the 
drainage  an«l  diminution  of  hdvcs,  it  seems  to  have  been  general. 
riic  climatt^  of  America  has  grown  dryer  in  late  geological  epochs. 
P)Ut  nndoubtedly  much  lake  drainage  has  resulted  from  a  wearing 
down  of  outlets.  Apparently  this  cause  has  operated  upon  Lakes 
I*]rie,  Huron,  and  Michigan,  as  was  t^vjdained  when  treating  of 
the  Xiairara  iior^^e.      V\*i:.  liO.")  may  now  bo  further  studied. 

(n)  (juuti rutii'ij  Liihts.  Tn  tho  Rasin  Province  of  tho  Far 
West  \N«'  llnd  the  renniants  of  ancient  Quaternary  lakes,  which 
far  exceeded  present  limits.  Their  former  bounds  are  shown  by 
old  lieacli  liiKrs.  These  lakes  —  of  which  I^aliontan  and  Bonne- 
ville are  })est  known,  thanks  to  the  labors  of  Gilbert  and  King — 
resulted  oriirinallv  from  the  subsidence  of  the  east  and  west  sides 
of  the  Basin,  which  took  place  at  the  end  of  the  Pliocene.     The 
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bottoms  of  the  depressions  formed  were  4,000  feet  above  sea 
level,  and  their  borders  5,000  feet.  Vestiges  of  Lake  Bonneville 
are  seen  at  present  in  Great  Salt  Lake,  Utah  Lake,  and  Sevier 
Lake.  This  lake  was  300  miles  long  and  180  miles  broad.  The 
highest  terrace  is  940  feet  above  the  present  level  of  Great  Salt 
Lake.  Lake  Lahontan  lay  in  western  Nevada,  along  the  bold 
front  of  the  Sierra,  and  was  nearly  as  large  as  the  former;  but  it 
was  much  cut  up  by  mountain  ranges.  Remnants  of  this  lake  are 
still  seen  in  Pyramid,  Winnemuca,  Carson,  Walker,  and  Humboldt 
Lakes.  These  great  ancient  lakes  began  to  exist  with  the  begin- 
ning of  Quaternary  time  —  though  Lahontan  was  a  smaller  lake 
during  the  Miocene  —  but  the  progress  of  their  desiccation  con- 
tinued into  the  Champlain  epoch;  and  some  evidences  exist  that 
it  continued  till  near  the  present.  The  water  of  Great  Salt  Lake, 
however,  rose  eleven  feet  between  1849  and  1878.  But  it  was 
nearly  constant  till  1866,  and  the  rise  is  a  later  occurrence. 
King  is  of  the  opinion  that  the  salinity  of  these  lakes  is  derived 
from  the  influx  of  saline  waters.  If,  as  Gilbert  and  King  have 
shown,  they  formerly  had  drainage  to  the  sea,  their  primitive 
salinity  derived  from  the  influx  of  ocean  water  must  have  been 
exhausted;  they  were  fresh- water  lakes  during  their  high  level; 
and  since  the  outflow  ceased,  the  only  probable  source  of  their 
present  salinity  is  the  slight  saline  contribution  brought  by  tribu- 
tary streams.  Though  these  lakes  are  generally  considered  coeval 
with  eastern  glaciation,  it  remains  to  show,  with  plausibility,  that 
they  were  not  rather  a  feature  of  the  Champlain  Epoch. 

In  the  northwestern  part  of  the  Great  Basin,  in  Oregon,  other 
Quaternary  lakes  have  been  described  by  Russell.  These  occu- 
pied the  sites  of  the  present  lakes,  Alvord,  Malheur,  Warner, 
Guano,  Summer,  Abert,  Silver,  Goose,  and  Klamath,  in  Oregon, 
together  with  Surprise  Valley  and  the  Madeline  Plains  in  Cali- 
fornia, and  Long  Valley  in  Nevada.  Some  of  them  attained  a 
depth  of  500  and  600  feet,  and  spread  far  beyond  the  limits  of  the 
modern  lakes.  In  the  old  bed  of  Christmas  Lake  are  found  many 
modern  species  of  fresh-water  shells,  together  with  bones  of 
mammals  reported   by  Marsh  as    Pliocene, —  and   thus   possibly 
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WMslicd  in  aftor  fossilization.  These  lakes  lie  between  the  117th 
aii'l  r.Mst  iiK'ridians,  ami  extend  from  the  parallel  41°  to  43°  30'. 
])ir«Mtly  north  of  tliis  /^ronp  of  lakes,  between  the  parallels  of  46° 
and  \]  »)<>',  is  the  l)ed  of  another  ancient  lake,  designated  Lake 
L.wi^;  hy  Lioutrnant  Symonds,  who  regards  the  lake  as  of 
(  'luiin|)lain  i\f^i\ 

(J)  /ifi',/ff  Ftn')nafio)(}i.  Rivor  terraces  and  some  other 
|tli<iu)ni<'iia  of  th«'  latest  epoch  of  geological  history  have  been 
MjlViciciit  Iv  considcrod  in  Part  I,  Study  XV.  River  terraces  are 
iliii>l  rated  in  Fio\  r>10. 

riic  ucnlonical  work  of  the  Recent  or  Terrace  Epoch  em- 
'hia('(  <  imich  niore  than  the  formation  of  terraces,  as  commonly 
n'-  l.-r^iood.  Sinci'  the  dissolution  of  the  continental  glaciers, 
the  (liainaLic  of  the  land  has  become  settled  in  its  courses,  and 
all  ilic  (l('|)<)'^iti()iis  which  rest  on  the  Modified  Drift  have  been  laid 
(l')wii.  I\iv(jr  deltas  have  he(Mi  formed  in  all  their  extent.  The 
dniiiiMLi'"'  of  lakes  has  continued,  and  innumerable  small  lakes 
}ia\«'  hern  filled  with  IkmIs  of  marl  and  peat,  as  previously  ex- 
pl;iin(  d,  j'aii^e  8'i  and  Fii>-.  'l^).  The  beds  of  rivers  have,  in  many 
instaiK'ts,  l)eeii  sunken  by  erosion,  though  in  others  the  shrink- 
age ol  the  volume  of  water  has  caused  them  to  rise  by  accumu- 
lation of  sediment.  Cavern  erosions  have  been  continued,  though 
iiicie  liccjuently  the  dinniuition  of  water  has  arrested  the  work 
of  cavern  niakinii;.  The  formation  of  stalagmites  and  stalactites 
dates,  o(Mierally,  from  the  Glacial  ej)och,  or  even  an  older  one. 
Tliis  is  tru(^  of  nnich  of  the  work  which  we  witness  in  progress. 
'i'lie  erosion  of  p^orpfos  is  generally  a  process  of  which  we  witness 
onlv  the  latest  staofes.  The  excavation  of  caverns  must  have  been 
Ix'uun  as  soon  as  the  land  drainage  found  fissures  in  limestone 
fr)iinations  ihrouirh  wiiicdi  to  flow.  The  removal  of  soils  and  the 
e.\)»osur("  (^r  undcTlyinir  rocks  has  been  in  progress  as  long  as 
land  lias  existed.  In  some  cases  the  \vork  was  completed  and  the 
land  oMiterated  even  before  the  modern  epoch. 

The  drainap^e  valleys  and  the  deep-cut  gorges  with  which  we 
are  familiar  in  the  topography  of  the  present  epoch  are  largely 
results  which  have  been  in  prorrress  as  long  as  the  land  surfaoei 
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have  been  exposed.  Some  of  these  works  extend  back,  probably, 
into  Palaeozoic  time;  but  some  of  the  greatest,  like  the  caDon  of 
the  Colorado,  have  been  accomplished  since  late  Tertiary  time,  as 
is  proved  by  the  age  of  the  strata  excavated.  The  valleys  of  the 
Hudson  and  Connecticut  may  date  from  the  Palieozoic;  but  if  so, 
their  courses  were  both  interrupted  by  the  deposits  and  the  oro- 
graphic movements  of   the  Triassic;    to  be  reopened  after  the 
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close  of  the  Triassic.  The  actual  submarine  shore  line  of  the 
coast  of  the  United  States,  Fig.  358,  is  a  feature  in  modern  topo- 
graphy, [t  lies  from  80  to  100  miles  from  the  present  shore,  in 
about  500  feet  of  water.  Off  the  harbor  of  New  York,  we  find 
what  appears  to  be  an  ancient  channel  of  the  Hudson  River  con- 
tinued seaward  when  the  land  was  some  hundreds  of  feet  higher. 
This  may  have  been  excavated  as  far  back  as  Palaeozoic  time, 
when  the  Seaboard  Land  had  its  higher  altitude,  and  may  have 
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■<jM«'  down  with  tho  eastern  border  of  that  land,  when  the  Appal- 
acliijin  honh'r  rei'mor^ed.  The  submerged  Pliidson  channel, 
vvli('nev<M-  FonntMl,  extends  80  miles  to  sea.  At  the  distance  of  10 
nilK's  its  bottom  is  48  feet  below  the  general  sea  bottom.  At  "iO 
miles  it  is  IM)  t'e(?t  below.  At  ."iO  miles  it  is  GG  feet,  and  continues 
to  diminish.  At  8()  miles  is  an  ancient  bar.  The  width  of  the 
cliaiincl  is  thiHM'-fourths  of  a  mile  to  a  mile.  Beyond  the  bar  is 
what  ap})('ars  like  an  ancient  fiord,  beginning  about  85  miles  from 
Sau'ly  Hook,  and  cxtendin;^  2o  miles  to  the  edge  of  the  conti- 
nent al  slope,  witli  a  width  of  about  three  miles.  For  half  its 
JenLitli  this  ravine  has  a  d(^])th  of  over  2,000  feet.  It  is  inter- 
rupt <<1  by  a  bar  l,ljoo  feet  high.  The  sides  of  this  submarine 
ri\ei"  channel  slope  at  an  angle  of  one  to  three  degrees;  those  of 
the  ri(ti'<K    11    . 

In  the  clianii'es  j)rogressing  under  our  observation  we  are  fur- 
ni>lie(l  with  <  l(*ws  to  tln^  explanation  of  the  grander  events  of 
remote  acolonical  history.  To  a  large  extent  these  are  but  ag- 
LCi'.i-iates  of  slow  operations  continued  through  geologic  a^ons. 
So  r.ir  the  method  has  been  anifortaiturian.  In  tiie  elevation  of 
the  I  intas  we  witness,  undoubtedly,  as  Powell  has  demonstrated, 
a  utmihI  result  accoin}>lished  hy  slow  movements,  since  the  Green 
Kin  er  has  cut  throu^'h  the  whole  altitude  of  the  range.  But  some 
iuif (trl,/siii}<'  events  nmst  have  taken  place,  as  convulsions  like 
lh">e  of  l\r.i-kat'oa,  Ischia,  and  Andalusia,  in  our  own  dav,  would 
intlieate.  Much  greater  on(?s,  but  of  the  same  order,  must  have 
occuiihmI  when  the  Wahsatch  and  Sierra  Nevada  were  rent  longi- 
tudinally, and  the  Rasin  Province  sank  a  thousand  feet  along  each 
oi  its  l)or(leis.  ( )n  th(»  whole,  however,  the  geological  work  in 
prnLii'ess  ]uay  be  regarded  as  mirroring  the  nature  of  the  methods 
(•f  the  operations  which  have  forme<l  the  world.  Assuming  that 
the  same  niodes  of  activitv  will  continue  in  the  remote  future, 
we  have  liiound  for  anticipating  unrealized  results  as  grand  and 
tiaiisloi  ininii'  a>  any  which  have  been  realized  in  the  history  of 
the  past. 

no)  Ot't/milr  Riinal/iS  of  the  Quaternary,  In  the  ordinary 
glacial  l)rift   few  relics  of  the  organization  of  the  epoch  occur. 
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Yet  pieces  of  white  cedar  are  found  at  various  depths  down  to 
60  feet  at  least,  in  the  modified  Drift.  In  regions  south  of  the 
glacial  limits  life  continued  to  flourish  —  both  on  the  land  and  in 
fresh  waters.  The  great  Quaternary  Lakes  Bonneville  and  La- 
hontan  (whether  Glacial  or  Champlain)  on  the  eastern  and  west- 
ern sides  of  the  Great  Basin,  were  stocked  with  fresh- water 
species  of  molluscs,  of  which  the  most  abundant  genera  were 
Limnoeay  Poinatiojysis,  Ainnicolay  and  Succinea,  The  Oregon 
Quaternary  lakes  were  similarly  inhabited.  In  the  Champlain 
epoch  the  Gulf  of  St.  Lawrence  extended  into  the  basin  of  Lake 
Champlain;  and  some  molluscan  remains  have  been  left  in  the 
valley  of  the  St.  Lawrence,  in  the  "Leda  clays."  The  skeleton 
of  a  small  white  whale.  Beluga  Yenaontaiia,  has  been  discovered 
on  the  borders  of  Lake  Champlain. 

Of  land  mammals  numerous  species  have  been  found  in  cav- 
erns and  rock  fissures,  and  in  post-glacial  surface  deposits.  The 
age  of  remains  from  caverns  and  fissures  may  be  glacial  or  post- 
glacial; but  remains  in  beds  resting  on  the  Drift  must,  of  cour^e, 
belong  to  the  Champlain  epocli,  if  of  extinct  species,  or  to  the 
Recent  epoch,  probably,  if  of  living  species.  A  limestone  fissure 
at  Port  Kennedy,  Pa.,  has  afforded  Cope  remains  of  S-l  species  of 
mammals,  mostly  extinct.  Caves  in  Wythe  county,  Va.;  at  Ga- 
lena, 111. ;  and  near  Carlisle,  Pa.,  have  afforded  many  remains,  some 
of  which  belong  to  extinct  species. 

In  deposits  more  recent  than  the  Glacial  epoch  have  been 
found  remains  of  a  species  of  Eleph.ant  {Elephds  Americamcs 

—  the  same  as  Elephas  or  Enelephas  Jacksoiii)  as  large  as  the 
Quaternary  Elephant  of  the  Old  World.  The  latter  also  [Ele- 
phas primige'nius)  is  found  in  the  more  northern  latitudes  of 
America  (see  Fig.  3G4).  More  frequent  is  the  Mastodon — Mas- 
todon  Americamis  (called  also  3L  gUjanteus  and  M.   Ohioticus) 

—  found  generally  in  peat  bogs  where,  according  to  prevailing 
opinion,  the  creature  became  mired.  But  the  carcass  may  also 
have  been  borne  in  by  a  flood  while  the  bog  was  yet  a  lake.  The 
Mastodon  was  abundant  throughout  the  Northern  United  States. 
Three  perfect  skeletons  have  been  exhumed  in  Orange  county. 
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kv  ^^>l'k;  i>ii<'!  lu-nT  Coliui-ij  F'&lls  oil  tlio  Mohawk,  one  in  New 

■i.i,  oil,'  ill  linHiiiiii  (ik'stroytJ  in  tlict  groat  Chicago  fire),  and 
Ummi  ili^'  l>;iiiks  (if  ilie  Missouri.  Skeletons  imperfectly  pre- 
iiil  \\;i\r  hi'i'ii  r<. 1111(1  ill  viTV  iiiiiiiemus  localities,  especially 
.it-iri.  A  iii'arly  cciiiiiili'te  Kk*-U't(iii  was  exhumed  near  Tec iim- 
,  Mirli..  mill  iLiiuiliiT  in  CiLss  county.  Dr.  Warren's  Mastodon 
II  (i.;tr  N,> will! mil  luus  a  ln'inlit  of  11  feet,  with  a  length  of  17 
!■■  [Iii>  li:is.-  (if  ilii>  tiiil.  The  tusks  arc  Vi  feet  long,  of  which 
li  i-i  ari'  iiisiTti'il  ill  tlic  sockcls.     The  ttital  height  when  living 


u  l.i,.;i  l-i  or  i:i  (wt,  aniHhe  length  :>i  or  25  feet.  The 
II  ]>ii>l  111  lily  siirviveil  lo  tlm  rri'ciit  epoch.  The  Tccumseh 
II  a!(s  Imri.'d  in  ii  siniill  lio^'  with  only  18  inches  of  peat 
111  ihc  siiiiic  c'liirily  liiiliiin  arrow  heads  are  found  seven 
L'atli  du'  siirfact-  of  the  p<-al.  Mastodon  remains  are  re- 
I  Klorida.  south  <ir  th.i  thirtieth  parallel. 
iiKiat  strikin^r  tlilifi'reni'i's  Ijctwecn  the  elephant  and  mas- 
■■■  foiiiiil  ill  the  molar  ti-eth;  and  these  are  illustrated  in 
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afforded  also 
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Fig.  ;itt:i— Incihou  of  tue  Extinct  Gigantic  Bkaveh 
(CasforoidesOhiOfnsis).    From  Lapeer,  Mich,     x  !i. 


the  remains  of  a  fforse,  larger  than  the  domestic  species,  a  gi- 
gantic leaver  (Castoroides  OhioensiA),  of  which  an  incisor  is 
shown  reduced  in  Fig. 
363;  pig-like  and  pec- 
cary -  like  animals; 
Oxeriy  Bisons,  and 
Tapirs;  also  Bears, 
JLionSy  and  Baccoons. 
Some  Edentates,  in  our 
times  almost  peculiar 
to  South  America,  ex- 
tended  their  range 
northward  to  the  Ohio 
River.  They  include  several  species  of  Megalonyx^  and  one  each 
of  MyV odon  and  Megatherium,  From  Florida  are  reported  re- 
mains of  BhinoceroSy  Stag,  Camel,  Tapir,  and  Hippopotamus, 

In  South  America  Edendates  were  the  predominant  ordinal 
type,  as  they  still  are.  The  pampean  formation  of  the  southern 
part  of  the  continent  is  a  vast,  level  deposit,  20  to  100  feet  deep, 
formed  largely  of  materials  borne  eastward  from  the  slopes  of 
the  Andes  at  a  time  when  the  Atlantic  covered  the  country  to 
the  foot  of  the  mountains.  It  stretches  over  the  larger  part  of 
Patagonia  and  the  Argentine  Republic,  embracing  one  and  a  half 
million  square  miles.  This  Quaternary  formation  is  a  literal  cem- 
etery of  strange  and  mostly  uncouth  mammalian  forms.  The 
great  Megatherium  Cuvieri  (Fig.  3G4)  was  larger  than  the  Rhi- 
noceros, and  in  some  of  its  proportions  exceeded  the  elephant. 
The  femur  was  three  times  as  thick  as  the  elephant's.  This  ani- 
mal was  a  huge  ground  sloth,  with  massive  posterior  extremities 
and  post-like  tail,  which  suggests  its  probable  habit  of  standing 
erect  to  browse  from  the  foliage  of  the  forest.  Other  and  asso- 
ciated Edendates  were  3fegrfl'o7fgj',  so  named  by  President  Jeffer- 
son ;  Myl'odoiiy  larger  than  the  American  buffalo ;  Scelidothe^- 
riuni,  an  allied  genus,  and  Glyp'todoii,  a  huge  armadillo,  cara- 
pace-covered like  a  turtle. 

In  Europe,  the  oldest  Quaternary  relics  are  found  in  caverns. 
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Tliey  embrace  tlio  Ciive  B«iir,  Cave  Hya'im,  and  Cave  l.ion,  all 
Bniuewliat  larger  than  the  nearest  related  modern  species,  but  all 
regarded,  at  present,  as  ideiitieal  with  modern  species,  or  derived 
from  them.  With  these  nro  found  bones  of  the  Mammoth  (Ele- 
plids  primij/eriiiis).  Rhinoceros,  Hippopotamus,  Deer,  Aurochs, 
or  lOuropean  Bison,  and  other  species,  and  often  implements  of 
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human  production.  The  moat  celebrated  bone  caverns  are  thow 
of  Kirkdalc,  Kent's  Hole,  and  Brixham,  in  Great  Britain,  and 
Gailenreulh,  Pfiripord,  and  the  Bordogne,  on  the  continent. 

The  Mammoth  extended  into  Siberiu,  and  thence  into  AlMilca. 
The  tusks  exist  in  such  sbiindanco  as  to  constitntn  an  articlo  of 
export.  The  carcass  of  tiie  MHininoth  is  sometimes  found  im- 
bediled  in  permanent   icp.     In  some  cases  the  flesh  is  thus  pre- 
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Berved,  and  supplies  food  for  dogs,  wolvea,  and  foxes.  In  ona 
celebrated  instance,  a  carcass  taken  from  ice  near  the  mouth  of 
the  Lena  furnished  a  skeleton  which  was  mounted  in  the  Museum 
at  St.  Petersburg,  From  this,  and  other  bones  discovered  in 
Europe,  Dr.  Frass,  of  Stuttgardt,  effected  a  restoration  which  ia 
now  in  Ward's  Natural  History  Establishment,  at  Elochester,  N. 
Y.     Of  this,  a  representation  is  given  in  Pig.  365.     It  will  be 


noticed  tliat  this  elephant  was  warmly  clad  with  hair  of  three 
kinds.  The  most  abundant  was  reddish  wool,  an  inch  in  length. 
Interspersed  through  this  were  reddish-brown  hairs,  four  inches 
long,  and  sparser  black  bristles,  twelve  to  sixteen  inches  long. 
It  is  reasonable  to  infer  from  the  clothing  that  the  mammoth 
inhabited  a  cold,  or  a  cold -temperate  climate  in  the  epoch  before 
the  advent  of  continental  glaciers.  It  appears,  too,  that  the 
invasion  of  snow  and  permanent  cold  was  sudden,     The  mam- 
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moth  had  no  time  for  ratrMt.  ^ere  was  no  returniug  spring- 
time. The  beast,  onoe  buried,  rattutined  frozen  through  a  geologio 
period. 

It  has  been  believed  that  the  maninioth  had  become  extinct; 
but  the  mountains  ot  SUm  hare  jielded  at  least  two  young  spec- 
imens of  a  hairy,  perhaps  dwarf,  elephant,  winch  seems  clearly  to 
be  the  descendant  of  the  mammotii  of  the  North.  These  ele- 
phants were  imported' into  New  York  in  1SS4. 

Human  implements  and  bamao  bones  are  found  in  European 
caverns,  in  inter^laoial  dspoaita  and  in  river  drifts,  associated 
with  the  relics  of  extinct  mammals.  It  appears  from  the  evi- 
dences that  man,  in  a  barbarous  state,  was  a  resident  in  Europe 
as  early  as  the  interglaoial  epooh.  Some  indications  of  his  pres- 
ence durinfj"  the  Pliooene,  and  eren  the  Miocene,  period,  have 
been  thought  to  exist;  but  the  general  opinion  holds  as  insuffi- 
cient the  alleged  evidence  of  his  preglaoial  advent, 


CHAPTER  VI. 
HISTORICAL  GEOLOGY; 

OR,  WHAT  HAS  BEEN  LEARNED  ABOUT  GEOLOGICAL  PROGRESS. 

§  1.     Presedimentary  History. 

All  that  can  be  said  about  the  history  of  terrestrial  matter 
during  aeons  antecedent  to  the  formation  of  enduring  record- 
bearing  rocks  must  be  a  deduction  from  (1)  The  ascertained  laws 
of  matter;  (2)  The  conditions  observed  in  other  worlds;  (3)  The 
principles  of  world  making  disclosed  in  the  rocky  records  of  our 
planet.     It  is  intended  to  offer  only  a  few  condensed  statements. 

It  is  generally  believed  that  the  matter  of  the  earth  and  the 
whole  solar  system  existed,  at  a  very  remote  period,  in  a  condi- 
tion analogous  to  that  of  modern  nebulae.  These  probably  consist 
of  particles  and  masses  accumulated  through  the  action  of  gravi- 
tation, from  wide  realms  of  space.  Through  the  processes  of 
aggregation,  heat  and  rotation  are  generated  in  the  nebula. 
Our  solar  nebula  was  once  in  such  a  state.  Through  cooling  and 
shrinkage,  its  rotation  was  accelerated,  until  a  succession  of  rings 
was  detached,  each  of  which,  in  the  course  of  time,  assumed  the 
form  of  a  planet.  Each  planet  was  at  first  in  the  condition  of 
discrete  matter  of  high  mobility,  and  in  a  state  of  rotation. 
Some  of  them,  in  turn,  detached  rings,  which  became  satellites. 

At  some  stage  in  the  process  of  cooling,  a  portion  of  the 
matter  of  a  planet,  or  the  whole  of  it,  existed  in  the  condition  of 
"firemist,"  or  liquid  particles  of  mineral  matter,  enveloped  in 
other  matter  retaining  the  gaseous  condition.  Such  was  once 
our  earth.  At  a  later  stage,  however,  the  mineral  particles 
descended  toward  the  centre  of  gravity,  and  the  planet  became 
a  molten   globe.      Enormous    pressure   at   the   centre   may  have 
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iv(lu(<(l  i!h'  (MMitral  portion  to  a  solid  state;  but  this  solidity  was 
of  n  vry  dilTcnMit  nature  from  that  which  resulted  from  cooling 
at  thr  surfaco.  From  suporticial  cooling,  a  solid  crust  resulted, 
and  t!ii>  thickened  continually. 

In  the  c()ur>e  of  time,  but  probably  while  the  crust  still 
r<-t;iin<(l  an  incandescent  temperature,  tlie  vapor  of  water  began 
to  condense  in  the  higiier  atmosphere,  liefore  this,  water  could 
only  exist  in  an  invisii)le  gas.  CMouds  now  gathered  around  the 
world,  ;md  I  in*  llrsi  rains  descendcid,  amid  scenes  of  terrific  elec- 
trical disturbance.  The  falling  rains  hasten<ul  tlie  thickening  of 
tin-  crust  and  \\n'  cooling  of  the  surface;  and  in  the  course  of  a 
ti.oloiiic  age,  water  was  permitted  to  accumulate  in  a  film,  which 
<'onsiiluied  a  universal  ocean.  Tlu^  descending  rains  liad  washed 
d"\\ii  the  atmospheric  acids,  and  the  ocean  was  one  of  acid 
w;it<'is.  Tliest?  waters  were  hot.  Thev  rested  on  a  crust  wliich, 
Iroiii  il^^  mode  of  origin,  was  alkaline,  and  was  ready  to  undergo 
clu  inical  change  as  soon  as  an  acid  solution  was  brought  in  con- 
tMit  with  it.  In  this  ocean  chemical  action  was  intense.  The 
rt  suh>  wrre  soluble  substancjes,  like  chlorides  and  sulphates,  left 
in  s. )|;i{  i'Mi,  and  other  substances,  like  silicates  and  calcium  car- 
bonate, ]>reci|)iiated.  Thus  precipitates  accumulated  over  the 
ocean  bottom;  and  to  these  were  added  such  detritus  as  resulted 
from  the  me(!liani(^al  action  of  the  ocean  in  the  shallowest  situa- 
tions. The  thickened  crust  impediMl  the  escape  of  internal  heat, 
ami  this  acted  on  tln^  under  side  of  the  crust,  re-fusing  some 
])ortions,  t)  restore  the  ecpiilibrinm  thickness. 

Thus  the  cooling,  so  long  in  progress,  continued.  But  the 
(  iur.i  did  not  cool  in  the  same  proportion  as  the  internal  mass; 
au'l  wrinklr.s  resulted.  These  a.ssumcd  general  meridional  trends 
ill  coii.s«'f[uence  of  ingrained  ])redetenninations,  caused  by  tidal 
aitioiis  during  the  incrustive  stage,  and  by  the  progressive  secu- 
lai-  sul)si(lence  of  the  earth's  ecpiatorial  protuberance,  resulting 
from  the  .slow  dimimition  of  rotational  velocity.  These  wrinkles, 
wh.  tlxr  submerged  or  emergent,  furnished  the  waves  new  oppor- 
tunities for  detrital  production.  Thus  the  crust  thickened  at  an 
iii."r<ased   rate   in   tln^   more  deeply  submerged  regions,  and  the 
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removal  of  subjacent  layers  proceeded.  What  amount  of  the 
original  crust  may  have  been  re-fused  in  this  way  can  only  be 
conjectured.  As  no  portion  of  the  original  fire-formed  crust  has 
ever  been  discovered,  we  may  infer  that  it  was  all  returned  to 
the  molten  interior.  We  may  even  conclude  with  probability 
that  much  of  the  super-crust,  or  stratified  crust,  was  also  re-fused; 
since  the  lowest  strata  yet  explored  fail  to  reveal  the  evidences 
of  violent  oceanic  movements  which  must  have  taken  place  when 
the  moon  was  much  nearer  the  earth,  and  produced  much  greater 
tides,  while,  at  the  same  time,  the  terrestrial  day  was  shorter. 
When  those  sediments  were  deposited  which  have  formed  the 
oldest  Laurentian  rocks,  the  tidal  and  other  physical  forces 
appear  to  have  been  acting  very  much  as  in  our  times. 

^  2.     Inductive  History. 

1.  The  Eozoic  JfJon,  The  visible  rocks  reveal  a  bodv  of 
facts  from  which  we  may  reason  by  inductive  inference,  as  well 
as  from  the  principle's  of  nature.  The  history  thus  far  deduced 
brings  us  down  to  the  Kozoic^Eon.  To  this  Great  System  belongs 
the  oldest  rocks  preserved  for  our  study.  There  must  have  been 
sources  of  sediments  then  in  existence,  for  these  rocks  are  sedi- 
mentary in  their  nature,  though  the  oldest  cannot  be  ])ronounced 
characteristically  fragmental.  If  there  were  any  emergent  lands 
during  Eozoic  time,  we  know  not  where  they  were.  They  have 
disappeared,  consunu^l  l)y  the  erosions  which  were  preparing 
materials  for  the  continental  foundations  of  later  ages.  Perhaps 
the  ocean  was  still  universal,  and  the  erosions  were  suffered  by 
the  shallower  portions  of  the  sea  bottom.  The  rocks  which 
resulted  are  before  us,  l)earing,  however,  the  marks  of  subsequent 
metamorphism,  to  an  uncertain  extent.  We  have  passed  these 
rocks  in  review.  They  overstrew  the  drift-covered  surfaces. 
The  deepest  rocks  are  also  very  extensively  the  surface  rocks. 

With  the  progress  of  time,  the  conditions  of  rock  formation 
changed.  We  have,  in  the  same  regions,  gneisses,  slates,  con- 
glomerates, and  limestones,  piled  successively  above  each  other. 
What  was  the  nature  of  these  changes  we  will  not  stop  to  inquire. 
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\Vp   know,  to  a  cortaintv,  tliJit   the  Eozoic  ^Kon   was  inconceiva- 
l)ly  lonii':  nrul  tliat  tlie  (xu^aii  roiirned  almost  or  quite  universally. 

( )!'  lifn  (liirinnr  tli<*  earlier  ajres,  there  was  none.  At  length 
jnri\«(l  a  huinhlc  rr)rni,  wliieh  planted  itself  upon  the  sea  bottom, 
aii'l  <)|)«iH'(l  th(^  <lrania  of  orpin  ization.  Of  Kozoon,  in  its  struc- 
ture ami  aHiiiities,  we  have  h'arned  in  anotlMT  eonnection.  It 
was  the  iri^i'  l)iiil(l(M*  of  these  twiliirht  ao-es.  15ut  when  Eozo^hi 
crasrd  to  liv«^  and  work  then^  w.is  a  l)lank,  so  far  as  observation 
n;().s.  In  tin-  1 'p])«M'  Laurontian  and  Ifuronian,  no  trace  of  organ - 
i/atioii  lias  bicii  discovcriMl.  \V(?  eannot  admit,  however,  that 
life,  ciicc  introdiicrd,  was  permitted  to  l)eeome  extinct,  and  thus 
('r«'at«'  the  necessity  of  a  new  beginning.  We  must  conclude 
that  the  ]Hf>crsses  of  metainorpliisni,  whicli  so  transmuted  many 
of  ih(^  rocks,  liavc  c()in])letelv  obliterated  all  fossil  remains. 
Probably  the  Iliiroiiian  rocks  once  contained  the  records  of  Hu- 
ron ian  life. 

r>ut  of  tin*  pliysical  vicissitudes  of  Kozoio  time  we  can  say 
more.  The  cnistal  wrinkling  before  mentioned  was  part  of  a 
int  ihod  which  was  destined  to  b(^  continued.  Sediments  of  Lau- 
rent ian  au'c,  hardened  already  by  chemical,  thermal,  and  mechan- 
i«al  actions,  were  mashed  togethcT  by  lateral  pressure,  crumpled 
wIktc  they  couM  not  be  masiied,  and  uplifted  in  huge  folds 
wIk  II  the  surplusage  of  circumference  became  too  great  to  be 
disponed  of  by  tln'se  methods.  In  otiier  words,  Laurentian  folds 
mI'  iIk!  crust  rose  toward  or  above  the  surface  of  the  ocean. 

Meant  iuj<',  deposition  proceeded.  The  new  folds  began  to  be 
woin  down,  and  later  deposits,  known  as  Huronian,  rested  un- 
ioiirnrniably  on  theui.  There  were  probal)ly  other  uplifts  of  the 
primal  folds.  If  we  n\'ison  correctly,  it  was  yet  Eozoic  time 
when  the  KewecMiian  formations  came  into  existence.  In  the 
reai'>n  which  lias  sinc^e  been  the  ])asin  of  Lake  Superior,  igneous 
ejections  o(;curre(l  on  a  scaK^  of  great  magnitude.  Probably  the 
r«Liion  had  beoonn^  land  througli  an  uplift  at  the  close  of  the 
llun-nian.  Over  tiiis  area,  great  sheets  of  molten  lava,  welling^ 
through  the  broken  crust,  spread  out  for  a  distance  of  300  miles 
fioiii  «ast  \n  west,  and  100  miles  from  north  to  south.      The  crust 
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began  to  sink,  as  if  a  void  had  been  produced  beneath  it.  The 
sea  returned,  and  covered  the  region.  From  the  adjoining  fel- 
sitic  slopes  large  quantities  of  fragments  were  broken,  and  rolled 
as  pebbles  over  the  sunken  lava  sheet,  till  the  surface  became 
again  dry  land,  or  a  mere  shallow.  Then  the  molten  eruption 
recurred,  and  again  a  sinking  was  experienced.  These  outflows 
and  subsidences,  and  interposed  sedimentary  sheets,  were  many 
times  repeated. 

The  close  of  the  Eozoic  ^]on  now  approached.  Great  sub- 
marine wrinkles,  grouped  in  some  cases  in  wide  and  massive  sys- 
tems, had  been  for  ages  rising  to  the  surface  of  the  ocean,  and 
above  its  surface.  The  germinal  areas  of  the  North  American 
continent  had  now  emerged.  The  chief  of  these  were  three.  (1) 
The  Laurentian  or  Great  Northern  Land,  This  consisted  of  an 
irregularly  arcuate  ridge  or  broad  mountain  elevation  encompass- 
ing the  area  now  occupied  by  Hudson's  Bay.  Its  longer  limb 
stretched  from  the  northern  shore  of  Lake  Huron,  as  it  now 
exists,  northwestward  between  Hudson's  Bav  and  the  MacKenzie 
River  to  the  Arctic  Ocean;  while  the  shorter  limb  stretched  from 
the  same  region  northeastward  to  the  coast  of  Labrador.  (2) 
The  Seaboard  lAmd.  This  was  a  broad,  crushed,  and  plicated 
swell  or  mass  of  wrinkles,  stretching  from  Maine  southwestward 
to  Alabama,  along  the  slope  between  the  present  Appalachians 
and  the  Atlantic  Ocean.  There  is  considerable  reason  to  believe 
that  in  breadth  it  embraced  the  region  which  was  destined  in 
later  ages  to  become  the  site  of  tlie  Appalachian  chain  of  mount- 
ains, though  in  the  intervening  time  destined  to  undergo  a  long 
submergence.  There  is  equal  reason  to  conclude  that  this  land 
extended  eastward  beyond  the  present  Atlantic  shore,  perhaps  to 
the  brink  of  the  slope  into  the  deep  sea.  These  conjectural 
dimensions  are  represented  in  the  yEonic  Map,  Fig.  297.  (3) 
The  Cordilleran  Land,  This  was  the  western  germinal  area.  In 
width  it  stretched  from  the  eastern  base  of  the  Rocky  Mountains 
westward  into  eastern  California,  a  distance  of  750  miles  along 
the  parallel  of  40°.  It  extended  great,  but  unknown  distances 
northward  and  southward.     This  land  was  a  great  mountain  sys- 
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tem,  displaying  lofty  ran^eu  made  of  crumi'lp'l  strata;  iiiccliatiii-ul 
dislocations  elTected  oa  a  moot  fri^mitiu  scain,  hut  wiiIiaI  a 
smoothncBB  of  surfaoe  uoiitour,  and  an  absence  nt  deep  oafloiia 
and  worn  gulches  witioli  scnnis  lu  argue  an  alist'tiOP  of  those 
methods  of  erosion  whit-h  have  detenninc-d  ihe  configwratioii  of 
the  modern  surfai^p.  This  maseive  belt  of  Bosoic^  Oordillems 
determined  the  limits  of  llie  modern  CordillL'ras,  and  very  mnph 
of  the  details  of  their  funilameutiU  structure. 

2.  77ii'  Palfeozotf  ^itH.  (1)  MoveutftUn  nf  thu  l,iin<U.  It 
was  now  a  now  morning  in  the  world's  history.  Thw  Cambrian 
Ag«  iviis  dawning,  Tho  corner  stonos  of  thn  continent  hail  beett 
deeply  laid)  yet  over  the  site  of  North  America  an  ooeaii  ex- 
pansp  still  brooded.  The  trausilion  from  Eoioio  to  Faloxizoia 
time  WHS  marked  by  important  orograpiiic  movements.  Whil« 
the  Great  Northern  T.and  stood  unmoved,  tbn  Seaboard  and  Cor- 
dillerati  lands  underwent  grrat  aiibaidnnco.  The  western  part  of 
the  farmer  and  the  e&stern  part  of  the  ktter  went  down  beneath 
sea  level ;  and  Palieozoic  Bedimeiits  begnn  to  be  spread  out  ovpr 
them.  Of  the  Seaboard  Land,  the  Appalauhian  sJte  beuamc  sub- 
merged. Of  t!ie  Cordilleraii  Land,  all  subsided  frtini  this  region 
of  tho  Great  Plains  to  eastern  California.  Only  the  granitiu 
mountain  summits  stood  emergent.  The  broad  continent  had 
become  an  archipelaifo,  Highest  stood  the  C-olorado,  Medieiite 
Bow,  and  Park  rangi-s,  on  the  eastern  border  o!  tlie  HunkHu  land. 
The  t'ontinental  mass  remaining  was  on  thn  western  border,  tt 
was  destined  to  be  waKtctd  in  yielding  thn  materials  to  bn  spread 
over  the  ocean  bottom,  for  the  upbuilding  of  tbo  I'alicoitoic  for- 
tnations.  While  this  sunken  Cordilleran  surface  was  rea«iving 
its  load,  it  continueil  to  Kink.  But  ax  the  coanSfHt  and  most 
copious  deposition  was  ni'nr  the  waiting  Nnvada  t.and  whiuh 
yielded  the  materials,  the  siibBtdencn  was  grentest  on  the  wesi. 
By  the  end  of  the  Palwoxoic  .^on  th&  thicknesH  of  the  Paliuoeuii; 
sediments  was  a  thousand  feet  urimtid  the  hiist-s  of  the  Rotikv 
Mountain  ranges;  32,000  feet  in  Uie  Wahaatcih  region,  an<i 
40,000  feet  at  the  extreme  western  Paljpo/nic  limit    in  lonfptude 
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117°  3(y,     So  deeply  was  the  grand  Cordilleran  topography  of 
the  close  of  Eozoic  time  buried  from  observation. 

Similar  was  the  experience  of  the  ancient  Seaboard  Land. 
The  Appalachian  border,  which  sank  at  the  end  of  Eozoic  time, 
continued  to  sink  during  the  whole  of  Palaeozoic  time.  Sedi- 
ments accumulated  upon  it  to  the  depth  of  45,000  feet.  West- 
ward toward  the  modern  Mississippi  Valley,  they  diminish  to 
6,000  and  even  to  3,500  feet. 

Quite  the  reverse  was  the  movement  of  the  Laurentian  Land. 
Its  tendency  was  upward.  Some  additional  elevation  was  appar- 
ent at  the  end  of  each  succeeding  Age.  When  the  close  of 
Palaeozoic  time  was  approaching,  its  area  had  been  widened  so  as 
to  embrace  most  of  New  England,  New  York,  the  Upper  Penin- 
sula of  Michigan,  Wisconsin,  and  most  of  Minnesota.  Similar 
enlargement  was  experienced  along  its  other  borders. 

(2)  Progress  of  Animal  Organization,  While  these  great 
physical  transformations  were  in  progress,  parallel  transforma- 
tions and  parallel  progress  were  going  forward  in  the  organic  life 
of  the  planet.  EozoOn  had  long  since  ceased  to  be  a  tenant  of 
the  ocean ;  but  its  great  works  were  lying  imperishable  beneath 
the  accumulating  masses  of  the  forming  continent.  As  soon  as 
the  tumult  of  the  closing  action  of  Eozoic  time  had  subsided,  the 
Palaeozoic  ocean  was  thronged  with  creatures  of  grades  compara- 
tively high — Trilobites,  Chambered  Molluscs,  Gasteropods,  and 
Brachiopods.  Coral  animals,  Crinoids,  Lamellibranchs  followed 
quickly,  geologically  speaking.  In  those  distant  ages  were  all 
the  experiences  which  characterize  life  of  our  own  times  —  hun- 
ger, fear,  pursuit  and  retreat,  slaughters  and  the  pangs  of  dying. 
The  very  attitudes  in  which  the  dead  were  buried  reveal  the 
shrinking  which  sentient  organization  experiences  when  the 
pains  of  dying  approach.  But  through  all  the  wide  ocean  no 
place  was  found  for  creatures  conformed  to  the  highest,  or  verte- 
brate, type  of  structure.     It  was  the  Reign  of  Invertebrates. 

As  the  land  extended  its  borders,  and  the  elements  became 
suited  to  the  requirements  of  higher  types  of  life,  there  were, 
first,  premonitions  of  the  advent  of  vertebrates,  and  then  the  on- 
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ii.il  114^  of  I  lie  powerful  and  cruel  dynasty  of  armored  Fishes. 
rii<  y  iuIimI  (luring  the  later  Silurian,  the  Devonian,  and  the  Car- 
1  .hiuioiis  a^es.  I'ntil  the  last  period  of  the  Carboniferous,  ver- 
t'l.r.itt'  life  was  (exclusively  aquatic,  and,  so  far  as  we  know, 
.liiiKi^t  exclusively  marine.  When  the  atmosphere  had  become 
i<'>l»iral)l<',  souH'  humble  Amphibian  forms  might  have  been  seen 
^ki;lki?in-  unchr  the  protection  of  the  flowerless  herbage  which 
li.il  >j.ruiiir  up.  Hut  plat<Hl,  bony-scaled,  and  shark-like  fishes 
r<:.i;iiiM<l    tlio  dominant  vertebrates. 

(.5)  77//  ('u,il  l*<ri<nl.  The  last  period  of  the  Palaeozoic 
Jv.ii  was  iiiarkt'd  by  its  exuberance  of  vegetal  life.  Marine 
])laiil>  had  cxist<Ml  in  the  early  Laurentian.  Their  record  stands 
in  tilt*  bids  ol"  irraphite  which  were  then  formed,  and  the  deposits 
(-:  iiiauiictit*^  aM<l  liaMuatite  which  are  believed  to  have  been  ac- 
cuiiiuiaN'.!  ilirouLrh  ori^anic  agency.  Scattered  land  plants  are 
iii"iiLil:t  t')  have  Ilt)urislied  along  the  Silurian  and  even  the  Cam- 
Iri  in  sli..r<  s,  since  some  obscure  driftwood  has  been  taken  from 
i.  is  «.r  the  Cincinnati  CJroup.  During  the  Devonian  ferns  and 
h  pi.lo.hiidroids  left  their  relies  in  considerable  abundance;  but 
(luilnu  the  last  ])crio(l  of  the  Pahiiozoic  the  situation  became  pe- 
<"u!iarly  Miiied,  in  the  eastern  portions  of  North  America,  for  the 
<l<\  t'lopnii-nt  of  an  extraordinary  volume  of  vegetation. 

rip  sinking  of  the  Appalachian  geosynclinal  had  been  such 
that  the  Pakcozoic  sediments  accumulated,  together,  perhaps, 
with  a  little  sul)se(juent  elevation,  brought  the  sea  bottom  up  to 
the  se;i  level,  or  a  little  above.  In  regions  farther  west — in 
Ohio,  Michioaii,  Kentucky,  Indiana,  Illinois,  Iowa,  Missouri,  and 
«';isi(  I II  Kansas —  the  general  tenor  of  upheaval  begun  at  the  end 
mI  l]o/.(»ic  time,  had  l)rought  the  sea  bottom  up  to  nearly  the  same 
le\tl  as  it  reache(l  in  the  Appalachian  region.  Over  the  broad 
marsh  land,  which  thus  stretched  half  across  the  continent,  condi- 
tions uncommonly  favorable  for  vegetable  growth  existed.  The 
whole  exj)anse,  therefore,  became  clothed  with  a  general  type  of 
Nen;<.i;ition  iu  Correspondence  with  the  primitive  conditions  of  the 
UMild    -  mostly  ferns,  calamites,  sigillarians,  and  lepidodendroids. 

The  growth  and  prostration  of  this  vegetation  through  a  sue- 
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cession  of  generations  resulted  in  a  bed  of  vegetable  material 
somewhat  peat-like  in  its  nature,  and,  like  peat,  preserved  from 
decay  by  saturation  in  water  and  exclusion  of  air.  Then  followed 
a  subsidence  of  the  whole  of  the  coal-making  area.  The  ocean 
returned,  and  sheets  of  fragmental  deposits  buried  the  vast  peat 
bog,  to  undergo  those  transformations  which  should  eventually 
bring  it  into  the  condition  of  bituminous  coal.  Another  uplift 
succeeded,  and  new  growths  covered  the  new  land.  Another  bed 
of  vegetable  matter  accumulated,  and  another  submergence  re- 
sulted in  its  burial  beneath  strata  of  sand  and  mud.  Thus  emerg- 
ences and  submergences  succeeded  each  other  during  the  entire 
coal-making  period.  It  is  not  supposed,  however,  that  all  these 
movements  were  synchronous  over  the  entire  coal-making  area. 
Undoubtedly,  some  portions  underwent,  at  times,  a  degree  of  sub- 
mergence, while  others  remained  above  sea  level.  The  emerg- 
ences, also,  must  have  been  experienced  sometimes  earlier  in  one 
part  of  the  area  than  in  others.  The  nonsynchronism  of  these 
movements  resulted  in  some  discontinuity  of  the  beds  of  coal, 
shale,  and  sandstone  thus  forming.  Hence  the  succession  of 
strata  in  Illinois  is  not  identical  with  the  succession  in  Oliio  and 
Pennsylvania. 

While  these  oscillations  of  level  were  in  progress  in  the  east- 
em  part  of  the  continent,  the  Cordilleran  region,  as  a  whole, 
remained  permanently  beneath  the  ocean.  The  ancient  island 
mountains  still  stood  emergent,  and  the  Nevadan  land  continued 
to  crumble,  in  furnishing  the  sediments  whicli  formed  the  last 
layers  of  the  Palaeozoic  mass. 

(4)  Close  of  the  Palceozoic.  Great  geologic  events  were  now 
at  hand.  The  broad  coal-making  region  so  long  oscillating  up- 
ward and  downward,  as  if  under  the  stress  of  an  enormous  lateral 
pressure  from  which  it  was  seeking  relief,  at  length  yielded  to 
the  resistless  strain.  Huge  parallel  folds  of  the  crust  rose  along 
the  Appalachian  region.  A  mountain  chain  came  into  existence 
where  sea  bottom  had  been  during  all  the  Palaeozoic  time,  save 
the  period  of  bog  lands  while  the  coal  beds  had  formed.  The 
mountains  rose  to  altitudes  of  twelve  to  fifteen  thousand  feet. 
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B<  foiv  Iiuiiia!!  ovos  rested  on  them  thev  had  lost  bv  erosion  half 
tln'ir  »)ri<rin.'il  hei<rlit.  The  disturbance  was  felt  as  far  as  eastern 
Kansas.      All  \\\i'.  interveriiiipf  region  became  upland. 

riicn'  is  n^asoii  to  conclude  that  the  remnant  of  the  Seaboard 
Land  \v(Mii  down  as  tlu^  Appalachian  belt  came  up.  Thus  an  un- 
kii('\Nii  amount  of  thai  land  became  subse(piently  concealed  by 
>(■  iijiK  iits  of  later  date.  The  Triassic  sandstones  of  Connecticut, 
N«\v  .!«  rs(  V,  and  seaboard  districts  farther  south  prove  that  im- 
in«  diately  aft<M'  the  Appalachian  disturbance  the  border  was  con- 
^il'  laMy  more  depressed  tlian  at  present,  and  the  Appalachian 
ni<>vcm<Mit  may  probably  have  been  the  counterpart  of  this  de- 
j»rcsNion. 

l-'iMin  eastern  Kansas  westward  the  great  interior  ocean  re- 
maiiH'd  undisturbed,  save  here  and  there  a  moderate  upward 
mnvinieni  reveah'd  in  the  broader  emergence  of  the  protruding 
-i.iiiit'^  masses.  I>ut  in  the  Wahsatch  region,  and  westward, 
•  ii'-rm<)us  alterations  of  level  took  place.  The  long  worn  Ne- 
va.l.m  Land  now  sunk  beneath  sea  level,  while,  reciprocally,  the 
sea  liottnm  immediately  eastward,  as  far  as  the  Wahsatch,  and 
in  eh  nil  nil-  that  rani^e,  rose  to  a  continental  emergence.  This  was 
n«.w  tlir  western  continent,  lying  between  the  eastern  foot  of  the 
\\'ali>at<li  and  west<'rn  Nevada,  in  longitude  117°  30' — the  re- 
•j:'\'>]\  now  known  as  the  "  liasin  Province."  Between  the  new 
i^asiii  ( "ontinent  and  the  old  Nevadan  continent  which  went  down 
tli«'rr  was  a  e()m])lete  (change  of  conditions.  The  continental  see- 
saw on  the  west  was  the  counterpart  of  the  continental  see-saw 
on  the  Atlantic  border.  The  mass  in  each  case  which  went  down 
was  oil  the  side  of  the  ocean;  the  mass  which  came  up  was  next 
tlir  iniciior.     The  continental  masses  were  now  settled  for  another 

aire  ( if    r«'j)i  >se. 

;).  77/'  Mf.<n::n/\>  ^/Jo/i.  (1)  Continottal  History.  East  of 
the  <  inat  Plains  the  land  was  now  extended  nearly  to  its  destined 
(iinn  risions  (set^  Fig.  ',]^)\\).  A  belt  along  the  Atlantic  was  still 
subm«  riicd,  and  also  a  broad  belt  on  the  Gulf  border.  The  latter 
s<'nt  a  triangular  arm  of  the  sea  northward  to  Illinois,  and  wid- 
encfl  vvcstward   into  an   ocean  which   stretched  over  the  central 
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part  of  the  continent  as  far,  probably,  as  the  Arctic  Ocean.  Its 
eastern  border  was  in  Minnesota,  near  the  94th  meridian,  and  in 
Kansas,  near  the  96th.  Its  western  border  was  at  the  foot  of  the 
Wahsatch,  near  the  111th  meridian.  It  stretched  continuously 
over  the  Great  Plains,  was  broken  into  an  archipelago  in  the 
Rocky  Mountain  belt,  and  was  diversified  with  a  few  island  emerg- 
ences, especially  northward,  across  the  intervening  distance  to 
the  Basin  continent.  North  and  south  this  Intercontinental  Sea 
reached  to  the  Gulf  and  the  Arctic  Ocean.  Over  this  area  Meso- 
zoic  sediments  were  spread.  They  rested  conformably  —  at  least 
in  the  40th  parallel  region  —  on  the  latest  Palaeozoic.  The  source 
of  the  materials  being  on  the  west,  the  thickest  accumulations 
were  in  that  direction.  Their  general  thickness  at  the  close  of 
the  Jurassic  Age  was  about  4,000  feet.  West  of  the  Basin  con- 
tinent was  another  ocean.  All  the  Nevadan  and  east  Calif ornian 
part  of  it  had  resulted  from  the  post-Pala?ozoic  subsidence  of 
land  which  had  stood  from  the  close  of  Eozoic  time.  The  sub- 
merged surface,  therefore,  was  deeply  eroded.  Over  this  the 
Mesozoic  sediments  were  now  deposited  unconformably.  They 
accumulated  to  a  depth  of  twenty  thousand  feet.  The  belt  along 
the  western  border  of  the  Basin  continent  was  destined  to  form 
the  Sierra  Nevada  mass.  Meantime  the  Appalachians  were  wast- 
ing, and  the  debris  were  strewn  along  the  contemporaneous  At- 
lantic and  Gulf  border,  from  Sandy  Hook  to  Georgia,  and  from 
Georgia  to  Texas. 

The  close  of  the  Jurassic  Age  was  now  at  hand.  It  was  sig- 
nalized, especially,  by  the  rise  of  the  vast  crumpled  folds  of  the 
Sierra  Nevada.  This  added  200  miles  to  the  westward  extension 
of  the  Basin  continent,  wliich  thus  became  the  Basin-Nevada 
continent.  It  stretched  southward  at  least  to  the  36th  parallel, 
and  probably  to  the  32d.  Northward  it  extended  into  Washing- 
ton Territory,  and  perhaps  to  tlie  Olympic  Mountains.  East  of 
the  Wahsatch,  however,  this  great  disturbance  was  not  felt,  save 
that  its  rock  fragments  and  finer  debris  were  sent  eastward  over 
the  ocean's  floor  as  far  as  Kansas.     These  coarse  materials  formed 
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tin*  l);isal  or  l);ik(>la  nieinber  of  the  Cretaceous  System.  But  it 
was  lai«l  down  (U)nforinably  on  the  Jurassic. 

Aloiio;  iIk' Atlantic  border  the  Cretaceous  Age  was  marked 
by  a  mo  Icratt'  <l«'j)r(^ssioii.  The  ocean  encroached  farther  inland 
than  dmiiiii-  tin'  .lunissic.  Tlie  Cretaceous  sediments,  accord- 
iniilv,  «ov('r(Ml  and  concealed  nearlv  all  tlie  Triassic  and  Jurassic. 
Tin-  saiiH'  stat«Mncnt  aj>i)lics,  also,  to  the  Gulf  border. 

'V\\v  (•l(^s•'  of  the  ('retaceous  was  an  important  era  in  American 
licolooical  history.  To  this  epoch,  the  sedimentary  sheets  of  the 
criitiid  r(,L:ion  cast  of  the  Wahsatch  had  been  laid  down  in  con- 
roriiiabh'  suprrj^osition  from  the  bci^innin^  of  the  Palaeozoic. 
Now,  how('\«'r,  (^in>c  tiic  turn  of  the  n'^ion  at  present  known  as 
Hh  *  riat<'an  Provinc(^''  Upward  and  undulatory  movements 
wrrr  «'\|)rri«Mi(('d,  Now  rose  the  broad,  flat,  east  and  west  anti- 
clin.il  r.iiii:',,  known  as  tlu^  I'inta  Mountains.  Not,  however,  bv 
a  ;  "id'hii  mi)V(hi('nt,  for  the  rise  was  prolonged  through  the 
wh<»I<'  duration  of  the  resulting  land  surface,  and  proceeded 
slculy  <'n<«UL>li  to  j)ermit  thr  drainage  streams  to  saw  chasms 
tlii'-uiih  the  rntii'r  height  of  the  mountain.  Eastward  of  the 
I  inta,  the  wh.»h'.  contimMital  mass  was  raised;  and  this  brought 
with  it  th«'  IJoeky  Mountain  ranges  to  a  higher  altitude.  The 
l>ro.id.  shallow  basin  of  the  (Colorado  now  had  its  limits  marked 
out.  ( )ii  thr  racidc  ('oast,  this  disturbance  was  felt  only  in  the 
(h  liiiinn- ol'  th«'  j>osiiion  of  the  Coast  Hanges.  On  the  Atlantic 
and  Uiilf,  the  eont incnt  was  upraised;  and  a  belt  ranging  from 
[\\'\\    t  )  a  hundred  miles  was  added  to  the  land. 

rh(s<'  e!ianges,  however,  were  not  accom])lished  with  abrupt- 
n(>.  Tiic  ( 'ordilleran  sea  bottom  was  slowly  rising  during  the 
whoif  ( 'i ctaiMous  Aire,  reaching'  the  vicinitv  of  sea  level  at  an 
carli*;-  «  po.-li  on  the  Wahsatoh  border  than  in  the  region  of  the 
Ikorky  Mountains  and  Kansas.  Farther  south,  however,  in 
'r«'\as,  tie'  ( 'ri'tjiceous  oei'an  remain«Ml  a  deep  sea  till  the  close  of 
the   Ap'. 

The  great  features  of  the  Cretaceous  and  post-Cretaoeou8 
luovtnirnts  was  the  reemergence  of  that  part  of  the  ancient  Cor- 
(liihran   area  whiidi   is  now  calhid  the  Plateau  Province,  though, 


HISTORICAL   GEOLOGY.  475 

indeed,  extensive  inland  lakes  continued  through  the  next  asoii. 
The  two  limbs  of  the  American  continent  were  now  joined 
together.  From  middle  California  to  Boston  Bay  was  a  contin- 
uous land  connection.  Only  a  narrow  border  remained  to  be 
added  around  the  Atlantic,  Pacific,  and  Gulf  coasts^  and  North 
America  would  be  complete. 

(2)  Progress  of  Mesozoic  Life,  Vegetable  organization 
reached,  in  the  early  Mesozoic,  the  grade  of  Cycads  and  Conifers. 
Tree  Ferns  were  still  abundant.  In  the  later  Mesozoic,  angio- 
sperms  and  palms  were  common.  The  marsh  borders  of  the 
emerging  lands  of  the  Dakota  period  have  preserved  a  great 
abundance  of  the  leaves  of  plants  belonging  to  modern  and 
elosely  related  genera.  Lesquereux,  in  a  recent  publication, 
enumerates  from  the  Dakota  Cretaceous  91  species  of  flowering 
plants,  belonging  to  29  living  genera.  These  include  4  species  of 
Sequoia,  7  of  Oak,  5  of  Willow,  5  of  Poplar,  5  of  Plane  Tree,  7 
of  Fig,  4  of  Magnolia,  8  of  Tulip  Tree,  9  of  Sassafras,  8  of  Sar- 
saparilla.  Evidently  the  forest-covered  land  presented,  in  the 
early  Cretaceous,  a  decidedly  modern  aspect.  American  Creta- 
ceous vegetation  was,  in  fact,  more  advanced  than  that  of  Europe. 
In  the  Laramie,  or  closing  period,  it  had,  according  to  Lesque- 
reux, an  Eocene,  or  even  a  Miocene,  aspect.  That  is,  the  nearest 
European  analogues  of  Laramie  species  occur  in  the  Eocene 
rather  than  in  the  Cretaceous.  At  the  same  time,  the  reptilian 
and  molluscan  species  of  the  Laramie  are  indisputably  Creta- 
ceous; and  these  are  best  suited  to  determine  the  age  of  a  for- 
mation. Sir  W.  Dawson,  in  a  very  recent  note  (1885),  records 
the  occurrence  of  Brasenice  anilqua  in  beds  of  the  Belly  River 
series,  in  the  Canadian  Northwest.  This  species  is  scarcely  dis- 
tinguishable from  the  modern  Brasenice  {^Hydropdtis^ purpurea^ 
though  it  occurs  in  strata  older  than  those  affording  remains  of 
JDicloniiiSy  a  Cretaceous  Dinosaur.  The  horizon  is  probably 
Laramie. 

Among  Polyp  corals,  the  ancient  type  of  Tetracoralla,  having 
the  parts  in  multiples  of  four,  were  mostly  extinct,  and  modern 
Hexacoralla  had  taken  their  place.     The  type  of  Crinoids,  which 


47»;  GEOLOiUOAL   STmiKS. 

1i;m1  culiniiiatcd  in  the  (iarlior  (^'arboiiiferous,  was  now  declining", 
an.l  th.'  hitrluT  Starfishes  and  Kchinoids  wore  succeeding.  The 
oM  s|>ir«'-lM'arin<r  Braohiopods,  as  also  the  Orthids  and  Stropho- 
ni«  'n<)i<ls,  and  other  types,  hud  dropped  out  of  existence;  and 
'r«*i«'l)nitul()i(ls  won^  now  in  the  aseendent.  The  waters  swarmed, 
h()\\<v«M-,  Nvitli  Lamellibranehs  and  Gasteropods.  The  higher 
ninllur^cs  \v<M('  ri(^hlv  represented  by  Anunonites  and  Belemnites. 
I^iit  lli(^  I'ornier  sliowed,  toward  the  close  of  the  Cretaceous,  a 
marked  dccliiir.  (ianoid  and  Selachian  fishes  continued  in  abun- 
d.inrc;  l)ii(  ih«'  fonnor  <'arly  dispensed  with  the  vortebrated  tail. 
Hiis  is  an  <Mnl)r\<)nie  character,  and  accordingly  belonged  to  the 
<ajly  siau^rs  of  typ<'  devidopnient.  The  reptiles  were  the  great 
f«'atin'«'  of  th(^  life  t)f  tlie  .Kon.  Their  modes  of  life  and  diversi- 
rnation  of  tvjx'  have  been  elsewhere  described.  Their  graduation 
into  ilic  type  of  birds  presc^nts  facts  full  of  curious  and  philo- 
:<.  )j)lii«'  ini«Mest.  Perhaps  tlio  most  significant  event  was  the  advent 
<»r  \l;nnmals;  since  tliis  brouirht  organization  up  to  the  class- 
^ra'l<  of  man,  and  constituted  a  final  renewal  of  the  promise  of 
man's  ultimate  ailvent.  Thi^  first  mammals  dwelt  on  the  Triassic 
laii'l,  and  were  f('(»])l<»  and  inconspicuous.  Tn  the  Jurassic  Age, 
lli(\  wnc  still  feeble,  but  sr)niewhat  more  numerous.  In  the 
( 'ntacrous  tliey  secMn  to  iiave  gained  nothing  in  bulk,  power,  or 
import  a  me.  Evidently,  tiie  ai)propriate  age  for  the  unfolding  of 
the  M.innnalian  tyjx^  Iiad  not  yet  arrived. 

4.  Tin  C'l/ufzoic  .Kon.  (1)  Tlte.  Tertiary  A<jc.  It  will  be 
rem<-ml)eie(l  that  Ab^sozoic  time  was  concluded  by  an  uplift  of 
til"  whole  ConlillrTan  region,  and  the  extinction  of  the  great 
ri.tc.iii  or  mediterranean  S(s-i.  Hut  in  the  basin  of  the  Colorado 
Ikiver,  a  ureat  d<'pre.ssion  renniin<Ml  without  complete  drainage  to 
the  s<;i.  Tliere  rest<Ml,  during  the  Eocene,  a  great  Eocene  Lake, 
exiendinu'  from  tlie  upper  waters  of  the  Yellowstone  to  New 
Mexic,,.  This,  at  iirst  salt,  bei;ame  brackish,  and,  at  length,  a 
lake  of  flesh  water.  The  sediments  accumulated  in  it  during  the 
the  iirst  epoch  constitute  the  Wahsatch  formation  (= Vermillion 
Creek  (Jroup,  Kin^;;  —Bitter  Cn^ek  Group,  Powell).  In  the 
proLin'ss  of   time   (x^cnrred   three  successive   orographic   disturb- 
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ances.  The  first,  during  the  progress  of  the  Wahsatch,  contracted 
the  great  lake  on  the  north  and  south.  It  stretched  now  from 
the  ralley  of  the  Green  River  north  and  south  of  the  Uinta 
Mountains,  and  perhaps,  also,  to  the  west  of  the  Wahsatoh 
Range,  in  Utah  and  Nevada.  In  it  were  deposited  the  sediments 
forming  the  Green  River  division  of  the  Wahsatch  formation 
(=  Elk  Group,  King). 


The  second  diatui'hance  terminatod  tlie  Wahsatch  epoch. 
The  great  Eocene  Lake  was  now  further  contracted.  Il  con- 
sisted, during  this  epoch,  of  two  or  nioro  divisions.  One  of  these 
rested  in  the  Green  River  Imsin  north  of  the  Uinta  Mountains; 
another,  the  Washakie  hasin,  lay  east  of  tlio  Grocn  River,  and  a 
third  was  in  western  Colorado.  The  deposits  collected  formed 
the  Bridger  Group. 

The  thini  disturhauoe  restricted  the  Eocene  Lake  to  the 
region  east  and  .sonth  of  the  Uinta  Mountains,  in  the  valley  of 
the  Green  and  White  rivers.     In  it  was  deposited  the  uppermost 
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of  tlio  KcK'ono  formations — the  Uinta  (=  Brown's  Creek  Group, 
Powell).  During  those  events  the  province  of  the  Great  Plains 
;i]^j)r;irs  to  havo  been  partly  dry  land. 

rii(.'  iK'xt  orographic  movement  terminated  the  Eocene.  The 
(irrat  Plains  wore  now  depressed,  and  a  lake  stretched  from  the 
Missouri  Hivor  to  oastorn  Wyoming,  Colorado,  and  the  Wind 
lJi\«  r  \'all«  V,  and  from  northern  Kansas  far  into  British  America. 
A  long,  narrow  drprossion  took  place,  also,  in  the  far  West, 
along  the  rastorn  base  of  the  Cascade  Range  and  Sierra  Nevada. 
It  slrrtclird  from  Washington  Territory  througli  Oregon,  Nevada, 
and  ('alirornia.  Tlu^  ih'posits  in  the  western  lake  were  chiefly 
thr  \\\[]'s  and  rearranged  ojocta  of  volcanic  eruption,  and  attained 
a  tliicknoss  of  t,o()0  feet.  The  deposits  in  the  eastern  lake  were 
tlir  simple  detritus  from  surrounding  lands,  and  attained  a  thick- 
ii<'>s  of  IT)!)  ({}(ii  in  Xcibraska,  300  feet  in  Colorado,  and  2,000  feet 
in  the  linia  Mountains.  The  western  is  the  Truckee  formation 
(  .Inhii  Day  Oroup,  King);  the  eastern,  the  White  River  forma- 
tion: but  sonio  uiu'ortainty  remains  as  to  their  precise  synchro- 
nism. Along  th(»  Paeitic  slope,  deposits  accumulated  to  the  depth 
of  lour  (  r  tivi^  thousand  foot  in  California  and  Oregon,  which, 
with  tin-  closing  disturbance,  wore  upraised  in  the  Coast  Ranges. 

This  disturban(u>  changed  again  the  bounds  of  the  interior 
lakes,  and  inaugurated  the  Pliocene  epoch.  The  whole  interior 
sitMMs  to  have  exp<'rioncod  a  general  depression,  which  interrupted 
the  (Iniinage  to  tiio  soa.  The  western  Miocene  l>eds  were  thrown 
into  tolds.  riu^  n'suUing  lake  was  divided  in  two  by  the  archi- 
pehjoo  of  the  Poeky  Mountains.  We  find  the  deposits  of  the 
Pliocene  or  Louj)  Pivor  bods  at  many  points  between  the  Sierra 
Nevada  and  tli(^  eastern  limit  of  the  Groat  Plains,  and  from  Ore- 
12011  t«)  New  Mexico.  Thoy  roach  into  Kansas  and  stretch  north- 
ward,  ()i!cui)ving  tho  vallc^ys  of  the  Rocky  Mountains.  They 
enil)iac<'  the  Niobrara  Group,  King  and  Marsh -f  Humboldt  Group, 
KiuLi  i  North  Park  (jrroup,  Hague  and  Hayden.  The  Pliocene 
beds  oi'  the  Great  Plains  rest  conformably  on  the  Miocene,  or,  in 
S()in(^  regions,  on  tho  (Cretaceous,  and  attain  a  thickness  of  2,000 
foot.     Those    of    tho    Hasin   and  Plateau   provinces  rest   uncon- 
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formably  on  the  Miocene,  and  are  not  over  1,000  feet  thick.  After 
the  shrinkage  of  the  Loup  River  lakes,  deposition  continued,  form- 
ing the  so  called  Equus  Beds  or  Upper  Pliocene  (sometimes  also 
regarded  as  post-Pliocene)  occurring  in  Oregon,  California,  and 
Nevada;  and  in  the  eastern  United  States,  in  cavern  and  clay- 
deposits  along  the  Delaware  and  Potomac  rivers. 

The  movement  which  inaugurated  the  Pliocene  appears  to 
have  resulted  in  an  elevation  of  the  Atlantic  seaboard  north  of 
South  Carolina.  During  the  Pliocene,  probably  the  submerged 
shore  land  off  the  present  coast  marked  the  border  of  the  land. 
During  the  Pliocene,  also,  the  submerged  Hudson  gorge  was 
principally  elevated  (Fig.  358).  Throughout  the  Tertiary  the 
Atlantic  and  Gulf  coasts  experienced  a  slow  and  mostly  progres- 
sive upheaval.  But  the  most  considerable  emergence  on  the  Gulf 
•and  South  Atlantic  was  at  the  end  of  the  Eocene,  and  along  the 
North  Atlantic,  after  the  Miocene. 

The  continental  oscillations  sketched  in  the  foregoing  para- 
graphs are  graphically  represented  in  the  accompanying  seonio 
sections.  Fig.  367.  The  sections  are  mere  diagrams,  representing 
uplifts  and  subsidences;  but  they  will  greatly  aid  the  memory 
and  imagination  in  retaining  a  vivid  conception  of  the  locality 
and  order  of  succession  of  each  of  tliose  great  orographic  move- 
ments which  have  made  American  geology  what  it  is,  and  have 
shaped  the  face  of  the  continent  in  those  forms  destined  to  char- 
acterize it  through  the  age  of  human  occupation. 

(2)  The  Glacial  Epoch.  During  the  later  Tertiary  moderate 
elevations  occurred  in  various  regions,  completing  the  drainage 
of  the  land,  and  establishing  a  tenor  of  events  destined  to  con- 
tinue to  such  extent  as  to  determine  the  advent  of  another  epoch. 
The  continuance  of  the  elevation  became  general  over  the  north- 
ern part  of  the  continent,  and  more  especially  tlie  northeastern. 
The  climate,  therefore,  which  had  been  milder  than  our  present 
climate,  experienced  an  increase  of  winter  severity,  and  a  pro- 
longation of  the  snowy  season.  The  higher  elevation  of  the  land 
increased  the  corrasive  action  of  the  streams  and  deepened  their 
ehannels.     It  also  produced  an  extension  of  the  land  alone:  the 
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sea  border.  It  is  probable  that  the  border  of  the  steep  basin 
slope  of  the  Atlantic,  before  mentioned,  marks  the  position  of 
the  ancient  shore  in  post-Pliocene,  if  not  in  Pliocene,  time. 
This,  however,  could  not  have  formed  the  continental  border 
along  the  South  Atlantic  during  Pliocene  time,  since  in  South 
Carolina,  Pliocene  deposits  prove  Pliocene  submergence.  In 
early  post-Pliocene  time.  Long  Island  was  150  miles  broad,  and 
the  western  part  of  Long  Island  Sound  was  the  lower  valley  of 
the  Connecticut  River.  The  Hudson  River  still  pursued  its 
course  between  high  banks,  135  miles  beyond  New  York.  This 
supposes  the  post-Pliocene  elevation  of  the  land  to  have  been 
equal  to  the  highest  attained. 

With  progressive  northern  elevation,  the  rigor  of  the  climate 
increased.  The  northern  zone  of  perpetual  snow  widened  to 
temperate  latitudes.  Under  the  influence  of  the  summer  sun,  the 
broad  snow  mass,  though  not  dissipated,  was  reduced  to  the  con- 
dition of  glacier  ice.  The  snows  had  fallen  over  the  landscape, 
and  bedded  themselves  about  the  trees  of  the  forest.  Thev  had 
gathered  themselves  about  all  the  rocky  saliences,  and  filled  the 
rugged  gorges  worn  by  the  long  corrading  streams.  When, 
therefore,  the  pervading  glacier  moved,  as  all  glaciers  must 
move,  the  forests  were  prostrated,  and  the  rocky  crags  were 
wrenched  from  their  fastenings.  The  angular  fragments  were 
frozen  in  the  glacier's  bottom,  and  like  diamonds  in  their  setting, 
they  scored  the  underlying  surface.  That  surface  was  covered 
with  sands  and  clays  and  rock  fragments,  the  result  of  the  rock 
disintegration  of  hundreds  of  thousands  of  years.  This  inco- 
herent material  was  moved  and  mixed  by  the  glacier.  With  it 
were  mingled  the  shattered  remnants  of  the  forest.  By  it  the 
old  gorges  and  gullies  and  river  valleys  were  filled.  These  debris 
of  former  ages  were  swept  clean  from  the  solid  surface  of  the 
rocks;  and  the  moving  glacier  mass  scoured  and  scored  the  solid 
rocks.  It  slid  over  moderate  elevations,  and  crossed  many  of  the 
valleys  which  intercepted  its  course.  Eastward,  it  travelled  over 
Long  Island,  and  out  to  the  ancient  shore.  In  Ohio  it  reached 
the  Ohio  River.     Farther  west,  its  limit  was  reached  in  latitudes 
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consi(l(.M-al)ly  higher.  It  will  be  understood  that  the  southern 
ghicicr  limit  was  coincident  with  the  southern  limit  of  the  Drift, 
as  sliowFi  on  the  map,  Fig.  356. 

'Vhv,  course  of  the  continental  glacier  was  not  independent  of 
the  larger  topographic  features  of  the  land.  It  tended  to  move 
downward  from  all  elevations.  The  courses  of  the  great  valleys 
dctcnnined  dellections  sometimes  for  a  hundred  miles  or  more. 
It  followed  ((/}  the  valley  of  the  St.  Lawrence.  It  continued 
alonir  the  axis  of  Lake  Erie,  and  up  the  valley  of  the  Maumee; 
l)ut  it  will  be  remembered  that  the  slopes  were  different,  some- 
times reversed  by  the  northern  elevation  of  the  epoch.  The  gla- 
cier filhid  the  valley  of  the  Connecticut  with  a  broad  ice  river. 
It  Mowed  down  the  valleys  of  the  Mohawk  and  the  Hudson. 
l^iusuin^'  its  way  along  the  channel  now  submerged,  it  excavated 
the  irreat  fiord  which  lies  now  over  a  hundred  miles  at  sea,  and 
suiik(iri  in  .")()()  feet  of  water.  It  accumulated  to  a  depth  of,  per- 
haps, '),<)( )()  f(M't.  At  this  depth  the  heat  from  the  earth's  interior 
would  \h\  suflieient  to  melt  the  glacier  beneath  as  rapidly  as  any 
prol)able  <^Towth  above.  The  sub-glacial  melting  created  copious 
sub-olaeial  streams,  which  transported  detrital  material,  and  con- 
tril)Ute«l  much  to  the  observed  arrangements  of  the  Drift. 

In  n^gions  beyond  the  limits  of  the  continental  glacier,  local 
i^lnciers  gathered  on  mountain  summits  and  slopes,  and  coursed 
down  th(»  mountain  valleys,  as  modern  glaciers  move  in  Alpine 
valK^vs.  Such  mountain  glaciers  clothed  the  higher  slopes  of 
the  Appjdaehians,  the  Rocky  Mountains,  the  Sierra  Nevada,  and 
most  other  ranges  farther  north.  The  remnants  of  some  of  these 
loenl  L^laeiers  survive  to  our  times.  (See  especially  the  Memoir 
of  I.  i\  Russell.)  Even  the  modern  Alpine  glaciers  are  but  ves- 
tiu'es  of  a  wide  <2:eneral  <>:laciation.  Under  such  a  sheet  of  ice 
lav,  for  probably  thousands  of  years,  the  fair  continent  which  in 
ocoloiric.tllv  recent  times  had  been  clothed  with  a  forest  which 
gave  it  an  aspeet  exceedingly  like  that  of  a  modern  landscape. 
The  desolate  surface  of  glacier-clad  Greenland  remains  a  vivid 
pieiure  of  northeastern  North  America  only  a  few  thousand  years 
aifo. 
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It  is  not  necessary  to  suppose  the  climate  was  characterized 
by  excessive  cold.  Moisture  and  precipitation  are  necessary. 
Where  these  are  abundant,  the  snow  accumulation  may  outlast  a 
summer  of  high  temperature.  The  glaciers  of  the  Alps  descend 
to  the  borders  of  the  fields  where  crops  of  grass  and  potatoes 
grow.  The  snow  in  Tuckerman's  ravine,  in  the  White  Mount- 
ainsy  lasts  till  August,  because  it  is  abundant,  \\\  the  same 
climate  the  general  accumulation  of  snow  might  be  sufficient  to 
last  till  snow  falls  again.  With  the  surface  widely  covered,  the 
temperature  could  not  rise  much  above  32°  Fahr.,  and  less  snow 
would  then  suffice  to  withstand  tlie  whole  summer  heat.  Tiie 
continental  glacier  existed  in  the  eastern  United  States,  where 
precipitation  is  now  greatest.  It  was  wanting  over  the  Great 
Plains  and  the  Northwest,  where  precipitation  is  still  scanty. 

(3)  The  Champlain  Epoch.  The  epoch  of  elevation  and 
cold  was  followed  by  one  of  subsidence  and  warmth.  From  its 
extreme  limit  the  continental  glacier  began  to  retreat.  Thore 
must  have  been  left  originally  a  terminal  moraine  of  great  mag- 
nitude. The  melting  of  the  ice  across  half  the  breadth  of  the 
continent  resulted  in  floods,  which  swept  southward,  carrying  the 
incoherent  products  of  glaciation,  and  depositing  them  in  the 
state  of  confused  stratification  which  we  sec  in  the  Modified 
Drift.  To  what  extent  the  retreat  continued  we  have  no  means 
of  learning.  It  appears,  however,  that  some  portions  of  the  un- 
covered surface,  as  over  central  Illinois,  had  time  to  develop  a 
considerable  amount  of  vegetation  and  form  a  soil. 

Then  followed  a  return  of  cold,  and  the  glacier  again  ad- 
vanced. It  does  not  appear  that  the  second  advance  was  equal 
to  the  first.  On  the  final  retreat  the  great  terminal  moraine 
was  left,  which  has  been  traced  so  continuously  across  the  coun- 
try, and  mapped  in  Fig.  356.  The  return  of  another  geolog- 
ical springtime  gave  birth  to  renewed  floods,  which  continued 
the  work  begun  at  the  time  of  the  previous  thaw.  These  new 
floods  swept  over  the  old  moraine,  and  probably  scattered  and 
levelled  to  a  large  extent  the  accumulation  of  materials.  This 
may  explain    the   less   conspicuous   character   of   this   moraine. 
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iliouii'li  formed  through  the  action  of  the  severest  cold  and  the 
most  extcndi'd  ghicior.  The  glacial  flood  sought,  of  course,  the 
valK  ys  of  the  great  streams  for  its  main  outlet  to  the  sea, 
and  thus  bore  far  southward  large  quantities  of  driftwood,  and 
t'voii  ice  rafts  with  loads  of  sand  and  bowlders.  But  the  flood 
swept  also  over  the  general  surface  of  the  land;  and  thus  the 
states  not  reached  by  the  action  of  the  ice  were  reached  and 
benefited   by  the  action  of  the  Hood  which  sprang  from  the  ice. 

It  is  to  be  remarked  that  the  aggregate  action  of  the  Glacial 
aFid  (/hamplain  epochs  was  directly  ameliorative,  and  may  be  re- 
ganl<Ml  as  a  preparation  for  the  needs  of  the  new  fauna  and  flora 
which  were  destinecl  to  appear.  As  a  general  principle,  it  may 
be  ass(M"ted  that  each  renewed  terrestrial  surface  in  the  whole 
history  of  life  has  been  exhausted  in  supplying  the  needs  of  the 
pf)pulati()n  introduced  to  o(rcupy  it.  The  present  terrestrial  sur- 
face is  visil)Iy  deteriorating.  The  pre-glacial  surface  had  been 
wasted  and  scored  by  the  erosions  of  the  -t'Eon  which  supplied  the 
denianils  of  Pliocene  poj)ulations.  By  glacier  action  the  old  scars 
were  k  inov(;d  -  the;  gaping  gorges  werefdled;  the  rock  materials 
disinteuratcMl  through  ages  were  stirred  to  the  bed  rock,  and  dis- 
tril)uted  in  a  continuous  sheet;  new  materials  originated  frora 
glacial  wear;  and  when  the  floods  came,  a  beneficent  assortment 
left  the  liner  products  at  the  surface,  and  extended  the  reparative 
action  over  several  degrees  of  latitude  southward.  The  final 
result  was  a  land  surface  specially  suited  to  the  needs  of  an 
industrial  and  civilized  race  of  men. 

Tli(^  course  of  things  thus  in  progress  continued  until  the 
noitliward  subsitlence  carried  the  land  far  below  its  pre-glacial 
level,  an«l  (  ven  below  its  present  level.  The  consequence  was  an 
encroaclnnent  of  the  sea  on  the  land.  The  records  of  beach 
ac^tion  still  remain  at  various  altitudes  above  present  sea  level, 
Nhowini::  the  greatest  Champlain  depression  northward.  It  thus 
appears  that  southern  New  England  sank  10  to  25  feet  below  its 
juesent  level;  Sancati  Head  on  Nantucket,  85  feet;  parts  of  the 
coast  region  of  Maine,  217  feet;  the  borders  of  Lake  Champlain, 
'550  to  [00  feet;  the  region  of  Montreal,  nearly  500  feet;  that  of 
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the  Bay  of  Fundy,  350  to  400  feet;  the  Labrador  coast,  400  to 
500  feet;  parts  of  the  Arctic  regions,  over  1,000  feet.  On  Ben- 
nett Island  De  Long  found  beach  deposits  at  the  height  of  100 
feet.  Marine  shells  were  found  1,000  feet  above  the  Arctic  level; 
bnt  it  does  not  appear  that  they  were  not  Pliocene  or  Miocene. 
Whether  this  subsidence  was  felt  by  the  interior  of  the  continent 
it  is  impossible  to  state.  The  Pliocene  of  the  Great  Plains  re- 
mains from  4,000  to  7,000  feet  above  sea  level;  and  the  fact  ren- 
ders questionable  any  higher  Quaternary  elevation  or  any  Cham- 
^lain  subsidence. 

The  subsidence  of  the  land  caused  a  reversal  of  a  portion  of 
the  drainage  of  the  Northern  States.  While  the  North  was  ele- 
vated, Winnipeg  Lake,  then  greatly  increased  in  dimensions,  was 
drained  into  the  Missouri.  It  has  even  been  suggested  that  a 
large  stream  flowed  southward  through  the  present  valley  of  the 
Minnesota.  The  great  lakes  also  found  various  outlets  toward 
the  south.  With  subsidence  of  the  land  some  of  these  courses 
became  obstructed,  and  others  even  reversed. 

(4)  Effects  of  Glacier  Pressure,  In  thus  delineating  the 
events  of  the  Quaternary  Age,  I  have  followed  the  accepted 
teaching.  But  I  think  it  may  be  useful  to  suggest  some  conse- 
quences of  glacier  pressure  over  the  northern  and  eastern  parts 
of  the  continent,  which  may  necessitate  some  modifications  of 
accepted  views.  If,  as  is  now  commonly  held,  the  accumulation 
of  marine  sediments  may  suffice  to  depress  the  earth's  crust  under 
the  sea,  assuredly  the  accumulation  of  5,000  feet  of  ice  upon  the 
land,  over  half  the  area  of  a  continent,  would  cause  a  depres- 
sion of  the  terrestrial  crust  —  such  as  glaciated  Greenland,  for 
instance,  is  actually  undergoing.  CroU,  assuming  the  crust  to 
remain  rigid  under  such  a  pressure,  has  discussed  the  necessary 
shifting  of  the  earth's  centre  of  gravity,  and  consequent  flooding 
of  northern  regions.  But  the  same  flooding  would  ensue  without 
a  shifting  of  the  centre  of  gravity,  if  the  crust  were  depressed. 
If  then  the  northern  subsidence  and  submergence  noted  were 
coincident  with  glaciation,  instead  of  subsequent,  the  phenomena 
resulting  would  be  precisely  such  as  we  observe.     The  glacier 
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wfnild  not  persist  along  shores  buried  by  the  sea.  The  same  sea 
bottom  would  he  there  as  if  the  glacier  had  disappeared  from  all 
tlic  land.  So  the  submergence  seems  to  have  been  coeval  with 
;rl.»(iation  rather  than  subsequent. 

A;::ain,  a  sub-glacial  depression  over  the  north  and  east  of  the 
<oiitiFi<'nt  must  have  reacted  beneath  the  crust  in  other  regions  — 
a  Fid  especially  in  regions  bordered  by  the  depression,  and  most 
especially  if  bordenul  on  tlie  east  as  well  as  the  north.  The  last 
\v;is  the  situation  of  temperate  North  America  west  of  the  Rocky 
Mountains.  Now  the  evidence  is  that  the  Plateau  and  Basin 
Trovinces  have  suiTered  from  powerful  vertical  actions.  That 
<'iiorni()us  outflows  of  lava  have  occurred  is  another  striking  fact. 
These  occurrences  have  been  generally  synchronized  with  the 
close  of  the  Pliocene  K})och;  but  here  are  grounds  for  assuming 
tlieui  to  have  been  coincident  with  the  great  submergence  at  the 
<'a^t . 

('►)  lltt  Rn'oit  I'JfHtrJt,  The  rise  of  the  land  from  its  deep 
subiM('r;_;(nee  to  its  present  general  altitude  marks  the  beginning 
of  the  liecciit  K])och.  As  the  land  did  not  return  to  its  former 
(^levation,  a  wid(^  belt  along  the  Atlantic  shore  northward  remains 
snbniei'ired.  |n  the  interior  the  descent  of  the  streams  is  less 
than  tornierly.  IlencM'  their  rate  of  flow  is  less,  and  their  ancient 
channels  remain  ])artly  filled  with  Drift  deposits.  Most  of  the 
lar^-er  streams  now  How  many  feet  above  their  ancient  beds. 

When  the  present  level  of  the  land  was  assumed,  the  water 
of  Lakes  r]rie,  Huron,  and  Michigan  stood  many  feet  above  the 
pres<  lit  le\el.  This  was  probably  due,  as  has  been  explained,  to 
ail  obstruction  then  existing  at  the  escarpment  over  which,  near 
I,ewi>ton,  the  drainage  of  these  lakes  had  to  pass.  During  this 
p<rio(l  ol'  high  water  the  so  called  "Erie  clays "  were  deposited 
which  we  now  sec  aloiiir  the  borders  of  these  lakes.  The  simul- 
taneons  hiiih  Hoods  of  the  rivers,  which  left  their  terraces  at  vari- 
ous hii:h  clevjitions,  were  due,  perhaps,  to  the  prolonged  melting 
of  the  ice,  and  ])artly,  perhaps,  to  a  continuance,  at  moderated 
temperatures,  of  that  copious  precipitation  which  at  snowy  tem- 
p<  latures  had  been  the  essential  condition  of  glacier  formation. 
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Thus  there  may  have  been  a  pluvial  epochy  beginning  during  the 
-progress  of  the  Champlain  moderation  of  climate,  and  extending 
down  into  recent  times.  The  diminution  of  precipitation  which 
then  followed  appears  to  be  continuing  into  the  present. 

The  subsidence  of  the  floods  left  innumerable  small  lakes 
scattered  over  surfaces  having  but  little  slope.  The  peculiar 
kettle-like  configuration  of  parts  of  the  surface,  especially  along 
the  morainic  belts,  favored  the  retention  of  small  bodies  of  water. 
With  the  lapse  of  time,  drainage  outlets  have  been  worn  for  some 
of  these,  and  others  have  been  completely  filled  with  deposits  of 
marl  and  peat. 

In  the  present  epoch,  the  land  has  the  appearance  of  stability, 
except  as  occasionally  affected  by  momentary  earthquake  move- 
ments. In  truth,  however,  many  shores  are  undergoing  slow 
elevation  or  depression.  These  are  movements  which,  in  centu- 
ries, or  at  least  in  geological  periods,  may  amount  to  changes  of 
level  as  great  as  any  which  geological  research  has  brought  to 
light.  The  coast  of  New  Jersey,  for  instance,  is  represented  by 
Professor  Cook  as  subsiding  at  the  rate  of  two  feet  in  a  hundred 
years.  At  Uddevalla,  in  Sweden,  the  coast  is  rising  above  the 
Baltic  level  at  the  rate  of  four  feet  in  a  century;  and  north  of 
that,  the  rise  is  more  rapid.  Along  six  hundred  miles  of  the 
coast  of  Greenland,  a  slow  subsidence  is  taking  place.  Numerous 
facts  of  this  kind  are  known. 

When  the  rivers  were  at  flood  on  the  continent  of  Europe, 
man  was  there.  He  was  present,  apparently,  during  an  earlier, 
interglacial  epoch.  In  America,  he  found  a  home,  during  the 
same  epoch,  as  far  north  as  New  Jersey,  and,  in  unglaciated  Cal- 
ifornia, he  left  his  bones  buried  in  the  gravels  wRlch  underlie 
great  lava  sheets  poured  out  in  early  Quaternary,  or  late  Pliocene 
times.  That  man  existed  in  remote  preglacial  times  is  not  im- 
.  probable;  but  he  was  represented  by  an  inferior  race,  and  lived  in 
some  congenial  climate.  The  men  who  pressed  upon  the  borders  of 
the  retreating  ice  were  hardy  adventurers,  who  had  already  come 
into  the  possession  of  the  arts  needed  to  secure  comforts  under 
trying  climatic  conditions. 
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r^ut,  ill  any  view  of  the  epoch  of  human  origin,  man  stands  as 
the  crowniiiiT  and  consummated  event  in  a  series  of  intellisfible 
prep.irations  and  protnises  which  extend  back  through  vast  inter- 
vals oT  tiling  to  Kozo'Oii  and  the  primeval  ocean. 

^  3.     TXlterior  History. 

\Vo  ikmmI  not  remain  in  complete  ignorance  of  that  part  of 
th<3  world's  appointed  history  which  is  yet  future.  It  is  scarcely 
true  that  we  cannot  be  certain  of  any  event  which  yet  lacks  real- 
ization. But,  if  it  were  true,  there  are  impending  events  so 
nearly  eci  tain  that,  like  to-morrow's  sunrise,  their  failure  can  be 
(h^ttrnuiH'd  by  nothing  less  than  a  suspension  of  the  order  of 
naturr  as  known  to  us;  and  knowledge,  within  the  limitations  of 
the  recogniz(Ml  order  of  nature,  cannot  be  pronounced  destitute 
of  value. 

Certain  activities,  like  the  return  of  summer,  and  the  occur- 
rence of  (eclipses,  proceed  under  the  laws  of  matter  which,  to  our 
coLini/arice,  may  be  regarded  as  fixed  and  invariable.  Others 
proceed  in  accordance  with  methods^  or  lawSy  made  known  to  us 
tliroui;li  adecjuate  observation  and  inference;  and  these  furnish 
us  i»roinuls  of  anticipation  scarcely  less  solid  than  the  others. 

W'c  know,  for  instance,  that  if  the  earth  continues  its  orbital 
and  rotary  motions  without  great  change  in  the  inclination  of  its 
axis;  if  the  sun  retains  its  efficiency,  and  all  other  conditions 
(ht<'ruiining  the  present  order  of  nature  remain  undisturbed,  the 
seasons  will  contiiuie  to  recur;  evaporation  and  precipitation, 
frc  (  ziiiu'  and  thawing,  will  continue  for  a  thousand  or  a  million 
y(  ais  t  )  <'oiAje,  as  they  have  continued  through  the  past.  If  the 
prin(i}>l(^  of  gravitation  remains  undisturbed,  and  the  solvent  and 
inecliaiiical  actions  of  moving  water  remain  as  now,  it  is  certain 
that  processes  of  acpieous  erosion  will  continue  to  wear  away  the 
niatrrials  of  the  earth's  crust;  and  the  processes  of  sedimentation 
will  cr)ntinu(j  to  fill  the  undrained  depressions  of  the  earth's 
surface. 

Til  us,  we  may  be  satisfied  that  the  Niagara  gorge  will  be  con- 
tinued: and,  if  we  use,  as  a  rule,  the  slopes  of  the  gorge  already 
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excavated,  we  may  conclude  that  in  the  distant  future,  the  bot- 
tom of  the  gorge  will  pierce  the  bottom  of  Lake  Erie,  and  thus 
that  lake  will  be  gradually  drained,  and  become  a  river.  We 
may  further  reason  that  since  lakes  Huron  and  Michigan  stand 
at  nearly  the  same  level  as  Lake  Erie,  these  will  be  lowered  aa 
much  as  the  latter;  and  because  their  depths  exceed  that  of 
Lake  Erie,  there  will  result  two  or  more  small  lakes,  connected 
by  a  river,  which  will  flow  along  the  drained  basin  of  Lake  Erie, 
and  down  the  steep,  unnavigable  slope,  continuing  through  the 
Niagara  gorge  to  Lake  Ontario. 

We  may  reason  similarly  about  the  general  wear  and  wastage 
of  the  land.  It  has  been  estimated,  from  observation,  that  the 
surface  of  North  America  is  lowered  by  denudation  about  one 
foot  in  four  thousand  years.  This  determination  immediately 
suggests  that  the  land  is  destined  to  undergo  final  wastage.  As 
the  detritus  finds  its  way  into  the  sea,  the  latter  is  slowly  filling 
up,  and  the  sea  bottom  will  continually  approach  the  level  of  the 
land.  Unless  the  supply  of  surface  water  fails,  the  sea  will 
eventually  overflow  the  land.  It  may  be  supposed  the  tenor  of 
past  history  argues  for  the  future  higher  elevation  of  the  land 
surfaces  and  deeper  depression  of  the  ocean's  bottom.  But  we 
shall  see  that  this  anticipation  is  rendered  nugatory  by  another 
one. 

If  the  earth  has  been  cooling  from  a  highly  heated  condition, 
and  still  radiates  more  heat  than  it  receives  from  the  sun,  we 
have  ground  for  affirming,  first,  that  the  time  will  come,  if  it  has 
not  arrived,  when  the  thermal  energy  contained  within  will  be 
too  feeble  for  the  continued  uplifting  of  continents  and  deepen- 
ing of  ocean  basins;  and  thus  the  results  of  denudation  will 
accumulate  indefinitely. 

If  the  earth  still  retains  residual  heat,  from  the  era  of  primi- 
tive incandescence,  then  the  cooled  crust  will  continue  to  thicken, 
as  this  heat  escapes  into  space.  With  the  deepening  of  the  cooled 
zone,  additional  water  will  be  received  in  the  pores  of  the  earth. 
Calculations  based  on  the  absorbent  capacity  of  average  rocks 
show  that  the  entire  ocean  is  destined  to  be  absorbed  by  the  crust 
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ol  tlu'  oartli.  Ft  a])pears,  oven,  that  tlie  capacity  of  the  pores 
will  1)0  sullit'ient  to  n^coive  the  atmosphere  also.  The  earth  will 
\\i\u<j;  in  spaco  without  water  or  air.  When  the  atmospheric  en- 
vclopt*  TK)  loiigor  oxists,  tho  sun's  heat  will  no  longer  be  blanketed 
in.  Tho  solar  rays  will  be  returned  as  rapidly  as  received,  and 
tho  tcrrostrial  surfaco  will  sink  toward  the  temperature  of  exter- 
nal s])a('(\ 

Tlio  action  of  tho  moon  on  the  lunar  tidal  protuberance  is 
(lost roving  tho  oarth's  rotary  tnotion  (page  299).  A  period  may, 
tli('r('for(\  ho  antioipatod  wiien  the  earth  will  turn  constantly  the 
saini'  sido  toward  tho  moon.  If  then  the  moon  continues  to  re- 
volvo  in  tho  sanu*  poriod,  each  side  of  the  earth  will  be  exposed 
constant Iv  two  w(»oks  to  tho  scorchinof  ravs  of  the  sun,  to  be 
turned  during  tin*  next  two  woeks  into  the  shadow,  and  exposed 
to  the  intense  (rold  of  planotary  space. 

But  th<'  moon  will  gradually  rocede  from  the  earth,  and  will 
sulTer  a  diminution  of  its  tido-producing  power,  and  of  its  power 
to  ini press  the  oarth's  rotation.  If  then  the  earth's  distance 
from  the  sun  ronuiins  about  tho  same,  the  sun's  action  on  the  solar 
tide  will  tend  to  roduco  tho  rotary  motion  of  the  earth  to  synchro- 
nism with  its  annual  motion.  One  sido  of  the  earth  will  then  be 
turniul  cf)ntinually  toward  tho  sun,  and  the  opposite  side  contin- 
ually away  from  it.  This  train  of  contingencies  might  even  be 
traciMl  further;   but  that  is  hore  unnocessary. 

Tho  t(Uidoncv  of  th<»  diffusion  of  heat  to  a  state  of  equilibrium 
tiirealens  not  alont^  tho  final  refrigeration  of  the  earth.  The  sun 
is  inevitably  approaching  a  state  of  final  extinction.  His  light  and 
heat  will  eventually  bo(!om(^  sensibly  less;  and  in  the  distant  aeons 
of  eteiiiitv  the  sun  will  become  a  dark,  cold  world. 

.Such  ev(Mitualitios  miyfht  be  traced  still  further.  But  it  is 
not  aj)])ro])riato  horo  to  pursue  reflections  which  verge  so  nearly 
on  tlx'  domain  of  speculation.  The  purpose  has  been  simply  to 
iliustratr  the  legitimacy  and  safety  of  reasoning  from  known 
})rinei|)l<js  to  contdusions  which  lie  even  in  the  depths  of  the 
future  eternitv;  and  to  show  that  the  future  conceals  eventuali- 
ti(  ^  wliieh  must  terminate  the  period  of  human  existence  on  the 
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earth.  It  is  useful,  also,  to  be  reminded  how  small  a  speck  of 
existence  we  are,  and  how  brief  an  instant  of  duration  is  covered 
by  a  human  lifetime,  or  the  lifetime  of  a  race.  And  assuredly, 
in  the  presence  of  such  conceptions  as  those,  we  may  feel  a 
swelling  admiration  of  that  spiritual  capacity  in  man  which 
enables  him  to  grasp  and  comprehend  the  events  of  periods  past 
and  to  come  which  stretch  out  into  the  realm  of  eternity.  It  is  a 
belief  ingrained  in  the  texture  of  the  human  soul,  that  a  being 
whose  thought  thus  rises  superior  to  all  time  and  space  and 
change  is  destined,  however  brief  his  corporeal  sojourn,  to  out- 
live in  consciousness  all  the  mutations  compassed  by  the  horizon 
of  his  thought. 
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Note. — An  asterisk  (*)  affixed  to  the  number  of  a  page  indicates  an  illus- 
tration on  that  page,  of  the  species  or  subject  mentioned.  A  dagger  (f) 
indicates  a  definition  or  explanation  of  a  term ;  but  it  is  used  only  where 
more  than  one  reference  exists. 


Abyss  of  Atlantic,  8G. 

Acadian,  coal  field,  406;  formation, 

362,  369,  378. 
Acanthodes,  333. 
Accessory  minerals,  51. 
Accidents  of  stratification,  2o6,  257. 
Acervularia,    214;    Davidsoni.    214, 

216*. 
Acidic,  feldspars,  27*,  53,  54;  rocks, 

71. 
Acids,  how  formed,  19,  20. 
Aclinal  mountains,  168. 
Acrogens,  418. 
Actinolite,  31. 
Adams,  Fort,  85. 
Adductor  muscle,  231. 
Adirondack  Mountains.  160. 
^on,  270. 
^onic,  map,  371*,  383*,  399*,  423*, 

439*,  440*,  477*;  sections,  480*. 
-ffitna,  eruption  of,  in  1865,  140  seq.; 

map  of,  141*. 
Affinity,  cheinica),   19;  elective,  20; 

weakened  by  heat,  21. 
Agassiz  Lake,  452,  485. 
Agate,  24. 

Age,  evidences  of,  265. 
Age  in  classification,  270. 
Air  breathers,  420. 
Alabama,  iron,  184;  rocks,  384;  sec- 
tion   throu.c^h,   430*,    fossils,   402. 

434;  coal,  416;  cretaceous,  429. 
Alabaster,  65,  66. 

Alaska,  diamonds,  24f ;  glacier,  281. 
Albanv  capitol  granite,  53. 
Albertite,  68t,  69,  195,  198. 
Albert  mine,  398. 
Albitc,  27. 


Allegheny  Mountains,  93.  See  "Ap- 
palachian." 

Allodon,  347. 

Allotheria,  347. 

Alluvial,  8H,  83. 

Alps,  structure  of,  171,  172*. 

Aluminous  rocks,  60;  matter,  197. 

Alveolites,  222,  223,  225;  Goldfussi, 
222*,  223*. 

Alveolus  of  belemnite,  433. 

Amazons  River,  280. 

Amber,  68. 

Amblypoila,  351. 

Amenia  iron,  37. 

Amethyst,  24. 

Ammonites,  327;  serpentinus,  330*. 

Ammonoidea,  328,  329,  428,  433. 

Amoeba,  319*. 

Amphibians,  position  of,  104;  com- 
prehensive, 316;  separated  by  gaps, 
317. 

Amphibole,  31. 

Amphibolic  rocks,  52,  249. 

Amphibolite,  52. 

Amphigenite,  72. 

Amphilestes,  346. 

Amphitherium,  346*. 

Ainplexus,  204,  207;  Shuraardi,  204*; 
Yandelli,  207*. 

Amygdaloid,  156. 

Aniygdule,  264. 

Analysis  of  minerals,  17. 

Anchippodus,  349. 

Anchilherium,  356. 

Andalusian  earthquakes.  456. 

Andalusite,  52. 

Andcsite,  72. 

Animals  classified,  306-314. 
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Ann  Arl)or.  Drift  ut,  5*. 

Aniiuliiria,  4 IS*. 

Arioilimta  jin;;u^tatn,  227*. 

Anninodc.nl  ia.  IJtl. 

Aiinriiiitc,  28. 

Aiiicrior  of  sIh-II.  228. 

Anllin/...a.  :>i2. 

Anihra-ihs  07,  ()!).  -107.  4:J2. 

Anii(i|tat  ion  cf  disco  vi-rv,  IJIS. 

Aniicliiial,    lOlf;    mnuntains,    107; 

a\i-,  sfJU. 
Anti-cpiuni,  210f. 
Antitj.'lf.  21)7. 
Am ui-rj),  N.  V.,  70. 
A  pal  lie,  o(J7. 
Apato-^aurus  Ajax,  'VM). 
Apt'riiii'al  ;;ap,  211. 
.Apliaiiitf,  r>2,  .")(>,  57. 
Ajtpala.-liian  coal  licM.  40(5,  42^1 
Aj»[»ala<liiaiis,  jaulls  and  erosion,  IK], 

!)1.     i:;;=;    chain,    100,    4<;7.    400; 

Mrtioii    acro.-s.    170*:     folds,   202, 

:\?K   171  :  >tral;i  in,  :il\  ^00,  JIOH; 

irla.-ial.  .i.    l-S'J. 
Aral  S.;,.   ls!>. 
An-lia-aii.  oOl. 
Aiviia-p!t  i\x   niacroura,  o4*J*.  343, 

.)  ].). 
Arched  Knck,  :]\K]. 
Ardi<  ln'.    Volcanoes    of,    140*;    tabic 

mountains  of,  ir>:>*. 
Ana  of  lirachiopod,  231. 
Ari^t'iit  ii.'.  IS-I. 

Ari:illa'-e.,u>,  -1<>,  00,  210. 

Ar-illit.',  <;i. 

Ari/.oiia.  l*^!;   lava  sheets,  ir>4. 

Arkaii-a-,  Otl;  stones,  40;  coal  meas- 
ure-, -I'MI. 

Armatufe,  232f  .sv^. ;  wanting  in  some 
;,n-nei-a,  2-)s. 

Arm  of  Crinoi.l,  324*f,  32.")* ;  of 
('epliaI«'pod,  J)20. 

Arm  suppMi'ts,  232. 

Arnot  ("nl  mine<,  414*. 

Artiodaet  via,  3.')1. 

Asht-to-,  31. 

Aslie-<,  \o]eanic,  72,  28ti. 

Asj.halt,  08,  00,  104,  108. 

Association  of  min(M*als,  55. 

Assortment,  of  sediments,  283,  208, 
31  >^. 

Asleropliyllites  418*. 

Atliyi-i^  >piriferoidcs,  235*. 


Atlantosiiuriis  iininanis,  3;J8. 
Atinosplicre,  a^^ency  of,  284. 
Atoms,  size  of.  18;' kinds  of,  19. 
Attiludes  of  strata,  200. 
Atrvpii,  234,  241:  reticularis,  2U* 

230*. 
Aiir^ite,  32*,  200. 
Au^dtic  eruptive  rocks,  72. 
Austria,  103. 
Autun,  194. 
Axis,  structural,  260. 
Azoic  Sy.'^teni,  302. 
Azygos  plates,  325. 


Bad  Lands,  443*. 

leaker  oil  re^rion,  199,  200. 

Bald  Ea^de  Mountain,  93*. 

I^all,  R.  S.,  on  primitive  tides,  300. 

I^apianodon  discus,  336*. 

liaraboo  quartzite,  363. 

Bar.  279;  of  Mississippi,  85,  279. 

Jiarrande,  J.,  on  colonies,  304;  pri- 
mordial, 370. 

Basal  j)lates,  325. 

Basalt,  72. 

Basaltic,  columns,  155*;  lava,  149; 
structure.  2(J4. 

Basic,  feldsj)ars,  53t,  54;  rocks,  71. 

Basin,  Province,  435,  436,  438,  472; 
lakes,  452 ;  ranges,  435. 

Basins  of  hot  springs,  133*. 

iiassett.  D.  A.,  on  Crinoids,  402. 

liathinodon,  348.  349. 

Bathvopsis,  351.  353. 

Beak* of  shell,  226. 

Bedded  vein,  181. 

Bod  Rock,  2. 

Belemnite,  428,  433. 

ikluga  Vermontana,  457. 

Bennett,  I,  485. 

Jienzole.  09,  194. 

Bex,  189. 

Big  Horn  Mountains,  374,  431. 

Biotite,  30;  associates  of.  55. 

Birds,  position  of,  104,  316;  compre- 
hensive, 317;  toothed,  348*,  844*. 

Bitterns,  188. 

Bituminous,  sandstone,  46;  pub- 
stances,  194;  rocks,  250. 

Bivalves,  82,  226. 

By^'alvular  symmetrv.  228. 

Black  Hills,  374. 
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Black  Shale,  391. 

Blake,  W.  P.,  on  sand  action,  284. 

Blossburg  coal  mines,  415*. 

Blowpipe  analysis,  17. 

Bog,  iron,  llf,  37,  70;  manganese, 
12. 

Bonneville  Lake,  452,  457. 

Bore  of  Hoogley,  288. 

Boissons  glacier,  281*. 

Bothriolepis,  333;  Canadensis,  334*. 

Botryoidal  limonite,  37. 

Bove,  val  del,  143. 

Bowlders,  defined,  4*;  particularly 
described,  12  8eq.\  on  coasts,  15; 
of  copper,  15;  derived  from  north, 
15;  not  homogeneous,  16;  result- 
ing from  weathering,  95*,  90*. 

Brachiopods,  how  to  study,  226; 
structures  of,  classified,  24b;  table 
for  determination  of,  240. 

Bramatherium,  354. 

Brasenice  purpurea,  475. 

Brazilian  pebbles,  24. 

Breadth  of  outcrop,  260. 

Breaks  in  succession  of  life,  317;  of 
rocks,  377. 

Breasts,  in  mining,  414t. 

Breckenridge  coal,  194,  409. 

Bridge  of  travertin,  132. 

British  formations,  275. 

Brittleness,  251. 

Brixham  cavern,  460. 

Brontotherium  in^ens,  353*. 

Brown  coal,  68 ;  spar,  36. 

Bruin  Lake,  85. 

Buenaventure  conglomerate,  406. 

Buffalo,  201. 

Bahl,  194. 

Building  stones,  48. 

Bunsen  on  geysers,  134. 

Burlington  Stage,  395,  397,  400. 

Butte  county,  151. 

Cienozoic  Great  System,  441 ;   -^on, 

476. 
Ciesars,  palace  of,  64. 
Calamarians,  418*. 
Calaveras  county,  151. 
Calcareous  rocks,  61,  249. 
Calciferous  Stage,  369,  375. 
Calcite,  34*+,  35,  61,  303. 
California,  Java  beds,  154;   geology, 

883,  398,  406,  467;  province,  485. 


Calumet  and  Hecla,  367. 
Calymene  Blumenbachii,  323. 
Calyx,  of  coral,  203+ ;  crinoid,  324»t, 

325* 
Cambrian,  life,  315,  317,  323,   379; 

System,  369,  377*. 
Camel,  357. 

Cameo  mountains,  161  f. 
Campbell,   J.  L.,  on  Appalachians, 

169,  170*. 
Canadian  formations,  275,  870;  mar- 
bles, 365 ;  Group,  269,  374,  375. 
Canals  of  EozoOn,  320. 
Canary  Islands,  145. 
Canons  of  Colorado,  89,  91,  165*. 
Cape  Cod,  448. 
Carbon,  source  of,  422. 
Carbonaceous  rocks,  67,  249. 
Carboniferous,   limestone,   197,    395, 

396,397;  life,  315. 
Cardinal  process,  231. 
Carinas  or  carinations,  213.        ^ 
Carinatffi,  316. 
Carinthia,  70. 
Carlisle  cave,  457. 
Carrara  marble,  62. 
Carson  Lake,  453. 
Cascade  Range,  441,  478;  Tolcanoes 

of,  147;  coal  in,  432. 
Caspian  Sea,  189. 
Cast  of  fossil,  66t,  304. 
Castle  Rock,  377*. 
Castle  Rock  Range,  167. 
Castoroides  Ohioensis,  459*. 
Cast,  up  and  down,  in  mining,  414. 
Cataclysmic  theory,  456. 
Catania,  143. 
Catskill,    Mts.,    161*;    Group,   191, 

389,  390,  398. 
Cauda-galli  Grit,  390. 
Caverns,  277,  454;    quadrupeds  in, 

457,  460. 
Cavicomia,  354. 
Cell  of  coral,  203t,  219. 
Cement  in  rocks,  47. 
Central  gap,  21  If. 
Centre  county.  Pa.,  93. 
Centronella,    233,    241;    Julia,   288, 

238*. 
Cephalaspis  Lyelli,  333*. 
Cephalic  shield,  323. 
Ceratites,  327,  328,  329. 
Ceratodus,  333. 
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'Ii;ili-r.i,.iiy,  'J-1. 

'ii;ilc-|'\  I'll.',  1^4. 

"li;il!x    'il;  cltcrvi'^c.'Mci',  20;  pivcip- 

ii.ii.  1,  t>l:  n.l,  ;iT:   French,  r>i). 
'\.:\\\-  i:.;vr,  ;]-2«;. 
'l:.•li^  1'   ;il.'    \V;iI.-r,   12. 

■|i:i:i:;.ci-f.i  ^iiciis,  ;}2(;|,  ;js9. 

'h;iii:i'i-rlin.  T.     C.,    1105,    ;J74;    on 

Dii!!.   Ur,  4:)1.  41S. 
'i.;iiiilH  !••<.  .{'JO. 
'h.iMijM.iiii  roiMii;)! ion.  -1  n, 452 ;  Lake, 

\')1 :  •■j'<»cli.  4s;}. 
'h;. ;:.:••/,  Ml.,  KHi". 
'ii;;/.v  M.Mirc,  liOO.  nT.-). 
'i..  -k-  <.r  triiubitp,  ;}2-l. 

'i,-  ly-.  iiiji  M.-K-loviannni,  IV.U*. 
Il"  iii'i'mI     .MlVmity,     1!M  ;      study    of 

I-.-:.-,  25;;. 

'11:111;^;  ry.    i-iKlimcntMry    princ'ijjh^s, 
1^    ■■"/." 

i:.'.  "iiu  (in.uj.,   11)2,  UM,  :JSl),  :«»1. 
'!i.i;,  2.-). 

"I-.  '•-  f.  -;ili  al,  l.<^. 
■|i'-l-i-  Stau;.'.  :iJ)5. 
iii:  au".  l!*'^,  oS2,  :'.sr). 
■|i:.-.  (Ir.-u;..  -lol,  4:V2. 
'ni-r  -.i.tuin,  210. 
'!ii:ii.A\.'i>  Sandslonos,  5>74. 
;::iiia-iM-,    V)\. 
"Iiloi  i'if-.  III. 

"hi  >i-it.-,  :;i,  52. 

■ii<.:n'l.  -.    102. 
'lir"iiii<-  iron,  -l^il. 

'iii.iiiii.Mii,  Si,  ;JS2,  445,  440;  Stairo, 
:;(;i»,     i;o:     snb-dronj),    197,   TO), 

'iiic:im:ili  >\vcll.  ;{7.S.  :^70*. 
'ii'i-iiiiiili  iiudatinn,  20o. 
'la.:..[.Mr.i,  22:'..  225;    lUpmcri,  223, 
221-:    l:i.|u.-ala.  224^ 
l,i-~:!i- a;  ion,    of     J'ornialions,    200, 

2;  I.  215;  ,.i  lo^Mis  :jo;},  :;o5-;514. 

iaNjt'il",  K.  W'.,  nioiinlain  folds,  171, 

if.'i  \  aLfi',  .>.)-f . 

'!•  i-n:..nl.  I'^rancf,  trav<!rtin,  ltS2*. 
'iiV.j.iTi.l,  '^MS  al,  201. 
'liir  lain. -lone,  :UM,  302*. 
'liiii;ii">.    L:coloi,ncal,   100,  205;     ox- 

I  lii-ici  i( -t  i-ial  causes,  207;  relation 

ot.  I..  Drift,  410. 


ClinodiiHyla,  351. 

Clinton  Stap%  381. 

Clisiophyllum.  204;  Oneiclaense,  204. 

Cloud(.'<l  marble,  02. 

(Mouds.  first  formed,  404. 

dyinenia,  327:  family,  330. 

(  oal,  07;  l»ro\vn,  08;  origin  of,  421, 

Coal  (•on;;lomeratc,  oil  in,  190. 

Coal  Measures,  desc!ril)ed,  402  seq., 
471;  standard  .*5ect ion  of,  403;  iron 
in,  IKJ;  brine  in,  192;  distiirlv 
ances  in,  410,  411. 

(^Kd  PeriiHl,  470,  471;  Fields,  406. 

(\)al  plants,  410;  tar,  07,  194. 

Coal,  Cretaceous,  422,  433. 

(\)ast  Han<res.  435,  443,  474. 

Col )1  lie  stones,  4. 

Coccostens  deeipiens,  333*. 

(Veluria,  343. 

CdMioslroma,  321;  monticulifenim, 
322. 

Coke,  07. 

C(»Id  short,  70. 

Colloid,  251. 

Colonies  of  fossils,  304. 

Colorailo,  04,  08,  397,  406,  426,  428, 
478;  coal  in,  432. 

Col-rado  Range,  103,  434,  468;  pla- 
teau, 105. 

Colorado  lliver,  434,  441,  476;  ero- 
sion, 89,  91*  455. 

Colinnhia  Kiver,  148, 154. 

Column,  geological,  107*,  274. 

Columnar  basalt,  155*,  156*, 

Comb  in  veins,  180. 

Commissure,  237. 

Como,  427. 

(^om])actness,  252t. 

(Composition,  of  minerals,  Table  ol, 
40;  rocks,  Ta]>le  of,  75. 

Comj>rehensive  types,  316t,  818. 

(\)mstook  L(Kle,  184,  186. 

Concentric  structure,  47. 

Concretionary  structure,  258, 

Concietions  of  iron,  47;  sandstone, 
48*. 

Condylarthra,  350. 

Cone  in  cone,  257*f. 

Cones,  volcanic,  146,  147*;  hollowed' 
out,  147*;  near  Mono  Lake,  148; 
in  central  Prance,  149. 

Conev  Island,  99. 

Conformability,  lOOf,  268. 
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Conglomerate,    25;     quartzose,    45; 

Carboniferous,  196,  405,  406;  Ke- 

weenian,    366;     Cretaceous,    439, 

440. 
Conifers,  475. 
Connecticut,   iron    in,    184;    rocks, 

424,  425,  472. 
Connecticut  River,  81,  455. 
Conspectus  of  extinct  life,  359*. 
Constitutive  ingredients,  38f. 
Contact  vein,  181. 
Continent,    growtli    of,    371*,    382, 

383*,  399*,  423*,  441,  475;  physi- 
ognomy of  interior,  434. 
Contorted  folds,  262t. 
Contraction  of  earth,  174,  175;  and 

earthquakes,  292. 
Cook,  G.  H.,  on  subsidence,  487. 
Cooling,  earth,  158,  174;  effects  of, 

291,  489;  sun,  296. 
Cope,  E.  D.,  on  reptiles,  337;  mam- 
mals,   348;    Port   Kennedy  cave, 

457. 
Copper-bearing  formation,  362. 
Copper,  bowldere,  15;  pyrites,  184. 
C'opper,  occurrence  of,  184,  367,  431. 
Corals,  Cup,  203,  387 ;  Silurian,  387 ; 

Devonian,  394. 
Cordaites,  418. 
Cordilleran  Land,  364,  372,  378,  382, 

383,  384,  467,  468. 
Cordilleran    region,    400,    436,  443, 

476;  geological  history  of,  437. 
Cordilleras,  436. 
Comiferous  Limestone,  197,  390,  391, 

392,  451. 
Corrasion,  264. 
Coryphodon  hamatus,  348*. 
Costa*,  204t. 

Cotta,  von,  on  veins,  181. 
Cotton wootl  River,  165. 
Council  Bluff,  445. 
Country  rock,  60,  180. 
Crater  of  Vesuvius,  138. 
Crater  of  Vesuvius  in  1756,  146*;  of 

Tjeendoeng,  146*. 
Crawfordsville  crinoids,  401. 
Cretaceous,  System,   424,   429,  439, 

440,  441,  474;  ^on,  close  of,  474. 
Crinoids,   324*,   380,   387,    476;    at 

Crawfordsville,  402. 
Croll,  J.,  on  glaciation,  485. 
CYurapling,  263. 


Crust,  11  If,  246;  fire-formed,  287; 
incipient,  464. 

Crustaceans,  402. 

('ryj)tocrystalline,  54,  251. 

Crystalline  form  of  quartz,  24* ;  feld- 
spar, 26*,  27*;  calcite,  85*;  mag- 
netite, 38*. 

Crvstalline  rocks.  45,  70,  250f . 

Crystallization,  22,  56. 

Ctenacanthus,  333. 

Ctenacodon  serratus,  347*. 

Cuba,  198. 

Cumberland,  Table  Land,  161,  407; 
River,  196. 

Cup  corals,  202  seq.;  how  studied, 
203;  cup  of,  203;  table  of,  217; 
Lower  Carboniferous,  401. 

Cup  of  crinoid,  324. 

Currents,  oceanic,  279,  293. 

Cyathophyllum,  204*.  208*;  corni- 
cula,  204*. 

Cycads,  420,  475. 

Cycle  of  sedimentation,  268t,  284, 
409. 

Cynodraco,  341*. 

Cyrtina,  231,  241;  Hamiltonensis, 
231*. 

Cyrtoceras,  329;  Eugenium,  330*. 

Cyrtoceratidie,  328. 

Cystiphyllum,  213,  214,  217;  Amer- 
icanum,  214*,  215*. 

Dakota,  185,  430,  445,  448. 

Dalles  of  Wisconsin  River,  89*,  377. 

Danan,  145. 

Dartmoor,  194. 

Darwin,  C,  on  sediments,  283. 

Daubree  on  metamorphism,  290. 

Davenjx)rt,  445. 

Davis  cut  off,  85. 

Dawn  animal,  318. 

Dawson,  G.  M.,  great  bowlders,  13. 

Dawson,  Sir  W.,  coal  plants,  418*, 

419*;  Laramie  plants,  475. 
Dead  rock,  416. 
De formative  tide,  298. 
Delta,  of  rivers,  279;  of  Mississippi, 

84. 
Deltidium,  231*. 
Denudation,  96t,  101,  263;  rate  of, 

278;  finality  of,  489. 
Des  Chutes  River,  154. 
Des  Moines,  445. 


41^^ 


INDEX. 


IVctcniiiiiMiion  of  minerals,  42-4;  of 

n.(k<.  Tjihlr  for,  H\-^0. 
)t'irit  11^  in  (H'cjm,  2IKJ. 
>«'V(.riian,    Life,  315,  322;    Svstcin, 

)i;il)a-<\  r>l ;  cniptivo,  71. 
)i:illji-.',  :J2,  300. 
)iain<»n(l,  (>!). 

>ianM'n(l  Teak  Quiirtzite,  397. 
)ia|)lii"airins,  207. 
)iasirina,  3r)3. 
)u'l<tniu<,  -17'). 
>i<  yiKHlori  huM'rtijX's,  341*. 
)icvn()<lnMlia,  iMl*. 
)iU".<,   15.-)*,    150*,   427;   as  l)oarin^^ 
on  aire,  200. 

)ini(»|)li')<l()n  nincmnvx.  342*. 
)ini.|,il,y^  Hcrzcri,  iJ31*,  332. 
)ni<Krra<,  ool ;  niirabile,  351*,  352*. 
)in<M(  la.ta,  351. 
)ni<»>aiii-ia,  33S. 
)i!i<>l  ln'i-iurn,  35)>*. 
Jioiiic,  53,  54;  eruptive,  71:  quartz, 


r:. 


)i|),    100,  20O;    ruh^   of,    114*,    117, 

120,  121. 
>i|ih\  j))i\]luni,   215,  218;    Arehiaci, 

21i;=-. 

>i|ila(antlnis,  333. 
)i|»l()(vno(l(in  victor,  347*. 
)iri  1k"(1s,  -US. 

)i>l.).a.ti<)n,  103.     See  ''Faults." 
)i~->('j)iiiient^,  208. 
)ivH|Mti«.n  of  heat,  200,  400. 
)i<>i)ci;Lt ion,  21. 

>i«^t  libution  wide  in  early  times,  100. 
)ivari(ator  musele,  231*. 
)<»('()(lon,  3-17. 
)o._:-toot  h  spar,  35*. 
)ol("ri1t',  72,  181. 

.)oioiiiiic,  :>(;,  01. 
)i>l()niitic  limestone,  03,  240. 
)or>ai  valve,  227. 
M-ainaLT''  <»t'  lakes,  452. 
)rilt    2f,    3^    5*;    formation,    441: 
(Ic^.tIUmI,  444  spf/.;  northern  and 
soutlicrn,  445-^5,  and  (rliinate,  440; 
ai     Aim    ArlK)r,    0;     fossils,  394; 
limc-^tone  masses  in,  451. 
Drift  in  minin;^,  413. 
Di-il't  stiMietures,  250. 
Droniatherinm  sylvestre,  345,  340*. 
Dnimmomrs  Island,  385. 


Dryolestos,  347. 

Dunes.  285. 

Durability,  252. 

Dust,  eosinie,  286. 

Dutton,  (\  Fj.,  00,  91;  on  Hawaii^ 
143;  on  Stm  ^[atco  Mountains, 
154:  lateral  pressure,  292. 

Dyas,  403. 

Dynamical  geology,  246f,  276  teq. 

Eaj]:lc,  Wis.,  moraine,  450.  451*. 
Earthquakes,    292;   and    volcanoe.s^ 

143. 
Earthy,  250. 

Eastern  interior  Coal  Field,  406. 
East  Hock,  155. 
Ebb  and  flow  structure,  256. 
Echo  clilTs,  164*. 
Economic,  Greology,  246;  products  of 

Eozoic,  3()5. 
Edestosaurus  dispar,  338*. 
^Effervescence,  17;  of  chalk,  20. 
Egvptian    marble,    62;    asphaltum, 

198. 
Elasmobranchs,  331,  a32. 
Elasmosaurus  platyuriis,  337*. 
Elba,  g(?ology  of,  1*57*. 
El  Dorado  county,  151. 
Elements,  18,  19.' 
Elephas      Americ^nus,    447,    468*; 

primigenius,  457,461*;  Africamii;;: 

458*;  Indicus,  458*. 
Elk  Mountains,  425. 
Elongation  of  Mountains,  208. 
Emerv,  38. 

Emmons,  E.,  on  mammals,  845*. 
Enstatite,  300. 
Eobasileus.  351,  352*. 
E(K*ene,  442. 
Eohij)pus,  354. 
Eosaurus  Aoadianus,  355. 
Eozoic,    Great    System,    861,    4ft5; 

-.'Eon,  405. 
EozoiHi,  317.  318*  seg.,  380.  466. 
Epidote,  38,  52. 
Epihippus,  256. 
Epitheca,  204. 
EfMK?h,  270. 
E(iui(he,  355. 
Equine  tyi)es,  355. 
Equisetai  418. 
Equivalents,     stratigraphical,     271; 

table  of,  273,  274. 
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Bquus,  354,  357. 

Ene  clavs,  452,  486. 

Erie  Lake,  449. 

Erosion  of  mountains,  160. 

Erosions,  87  seq.,  263,  264;  rate  of, 
95;  some  effects  of,  109,  488; 
Cambrian,  376;  Silurian,  386;  De- 
vonian, 392;  Lower  Carboniferous, 
401. 

Erupted  conditions,  264. 

Erupted  materials,  origin  of,  289. 

Eruptions  of  Vesuvius,  138;  -^tna, 
140,  143;  Krakatoa,  145;  ancient, 
150  seq.;  Triassic,  427. 

Eruptive  rocks,  70;  mountains,  168. 

Eureka  district,  410. 

European  formations,  275. 

Eusthenopteron,  fJ33. 

Eutaw  Group,  429. 

Evanston  coal,  432. 

Exogyra  costata,  433. 

Expansion  of  organic  types,  359. 

Explosions  from  volcanoes,  143. 

Extinctions  of  organic  types,  314. 

Eyes,  compound,  323. 

Faces  of  quartz,  24;  feldspar,  215. 

Fall  Brook  coal  mines,  414. 

Falls,  Trenton,  Glen's,  Minneliaha, 
High,  377;  Ohio,  394. 

False  coal  measures,  398,  406. 

Fan  structure.  171. 

Faults,  163,  164*,  165;  in  Colorado 
plateau,  175.  437;  in  Appalachi- 
ans, 407;  Illinois,  410;  resulting 
from  flexure,  261*,  295;  and  repe- 
tition of  strata,  266. 

Faunas,  why  changing,  103. 

Favistella,  380. 

Favosites,  219,  222;  favosus,  219*, 
220*;  Alpenensis  (Ilamiltonensis) 
219*,  220,  221*;  tuberosus.  219*; 
nitella,  219*,  221*;  clausus,  219*; 
Canadensis,  222*. 

Favositida^,  224,  387. 

Favre  on  mountain  folds,  174. 

Feather- form  septa.  210. 

Feldspar  studiecl,  25;  angles  of,  26*; 
common,  27;  acidic  and  basic,  27; 
species  of,  27;  discrimination  of, 
28. 

Feldspathic,  eruptive  rocks,  7; 
rocks,  249. 


I 


Felsite,  57. 

Felsitic  rocks,  56  aeq. 

Fentress,  N.  C,  70. 

Ferns  in  coal  measures,  416*;  in 
Mesozoic,  475. 

Ferns,  living  tree,  417. 

Ferriferous  Limestone,  408. 

Ferruginous,  water,  12;  sandstone, 
46;  rocks,  249. 

Findlav  gas  wells,  201. 

Fingal*s  cave,  154,  264. 

Fire-clay,  60. 

Fire-formed  crust,  287;  disappear- 
ance of,  287,  288*. 

Firehole  River,  135,  136. 

Firemist,  -^on,  463. 

Fisher,  O.,  on  lateral  pressure,  292. 

Fishes,  331.  470. 

Fishes,  comprehensive,  316;  separ- 
ated by  gaps,  317. 

Fissure  in  Brachiopods,  231*. 

Flaming  Gorge  Group,  424,  427. 

Flexure,  262. 

Flint,  24;  in  chalk,  64. 

Floating  ice,  280. 

Floe-till,  447. 

Floods,  Champlain,  484,  486. 

Floors  in  cup  corals,  207. 

Florida,  443,  459. 

Fluidal  texture,  251. 

Fluviatile,  81. 

Fold  in  Brachiopods,  228. 

Folds,  in  Appalachians,  171 ;  moun- 
tain making,  172*,  173*,  262*; 
how  caused,  175*. 

Fontaine,  W.  M.,  on  Jura-Trias, 
345,  425. 

Foot  of  mollusc,  226. 

Foraminifera,  86,  322. 

Formation,  255f. 

Formational  Geology,  246,  360. 

Fort  Adams,  85. 

Fossa  or  fossette,  203. 

Fossils,  99,  102,  256t,  303;  condi- 
tions of,  303;  classification  of. 
305-314;  what  they  teach,  102; 
distinguishing  strata,  103;  indi- 
cating age,  26i8. 

Foster  and  Whitney,  362. 

Fovea,  203. 

Fragmental  rocks,  45.  46,  250+,  268, 
269. 

Frankliiiite.  69,  183. 


■:ii  .-oiuinii,  lo7■^ 

,   l|-  ■^■I'-'ti  MiUlivUiiiii 

Iti. 

.  ;iw[. -il'i,  .ti:(,  41;). 
(1  H.IV,  :!M2. 
nil  n.^riau,  ni'l. 


,  Lit.  Wl. 

I.  3M+i  tJiiiKtrr 


11  i>l'.  4Hil, 


:  cik-'Ij,  470; 
lal.4Nl;  pres- 


■,  1H4. 


Ntju-piw,  Ky,,  1!1T. 
IUhsii,  lii>w  iiiiulc,  411. 
(ilHiiLiinilc.  4U1. 
[ilubtgerinn,  86. 
lilDiK'WtiT  ImiwUIpiv,  4*. 
(;iv]it..iini.  4-.II. 
Hly]it(.l.|)i.*,  Xa. 

(Itii'Lss.  .AK  3\:  xyciiitic,  53i  si>ecicji 
of.  'A;  [>r<i1oipiu',  SO;  chbHtii?,  00. 
(iolil,  m~>.  4:11;  u^Dciutes  of,  185. 
lioiiiatitrs  KT*  403. 
{•••I'tiC  tit  XEiiKum,  m-,  Colorado,  90, 

4;ir:  riiirisuii,  45.>*. 

(iiiVKL's,  4.J4. 

(1  nihil  111  it.',  «8t,  (Jit.  105.  108. 

tiiiin.l  (.'iifioii.  4;(7. 

(iraiirl  l)L>l..iir.  411. 

(imruU-.Lilf,  S.--.. 

liiiiii.l  iliiven  iliiTic-.  a«>. 

[irilllll  Illl|>ir|s.  (i.l. 

(iniml  Wiisli  tiiiilt,  104*. 

Gmiito.   i-.Ot,   51,   53;    Seotch,   83; 

yiiiiicv.  53;  crupth-o.  71,  1!B1. 
(imuiilwtvxtmv,  45,  330t. 
(ii'iiiuiliU',  •>];   ^ncisE,  51;  eruptiw. 


U7,  470. 


Gniiiliik',  C7,  69,  3' 

([niv<-l,4t. 

Gr»vlix.'k  .Moiiiitnin,  IBS*. 

Uii-iit  Unsiii,  435. 

(ti'L'iiL  liri  iiin,  fnriiintions,  27S. 

Gnvit  Northern  Lund,  803,  372f,  467, 

40S,  4l>!). 
Gi'UHl  I'liLins,  3T3,  -«W.  439.  4«4, 488, 

4H),  -Ua.  4fi8,  4W,  4P3. 
Cnni  Sjilt  Luke,  453. 
(Jiv;il  Sv^Ll■lll.  378. 
(irmilutul,  283,  482,  485;   icebeigs. 

SS3. 
(Jivci  ItiviT,  163. 
(iwn  >aiiil,  4ai. 
Iiivi«.-ii.  50. 
CiritiiUtiincs.  49. 
Oritstones,  DM. 
(iroiip,  370. 
(innrth,  linus  ot,  281. 
(irypliUia  miitubilia,  433. 
Giiiii  iHils,  19B. 
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Gymnosperms,  418. 

Gypsum,  36*.  65,  66,  192.  386,  397, 

427. 
Qyroceras  uiKlulaturn,  330*. 

Habitability  of  North  Pole,  295. 

Hadrosaurus  Foulki,  339*. 

Haematite,  36,  69,  183;  stalactitic, 
37;  micaceous,  37;  ochery,  37;  jas- 
pery,  69;  argillaceous,  70;  oOlitic, 
70;  sedimentary  in  origin,  183. 

Haleakala,  145. 

Hall,  James,  on  spires,  235. 

Haileflinta,  57. 

Hamilton  Group,  194,  195,  389,  391. 

Hard  heads,  13. 

Hardness,  standards  of,  42;  of  rocks, 
251. 

Hard  water,  12. 

Hawaii,  described,  143;  map,  144*; 
profile,  144*. 

Hawkins,  B.  VV.,  340. 

Heat,  dynamic  agency  of,  286;  evo- 
lution of,  292,  298;  total  dissipa- 
tion of,  296. 

Helderberg,  Mountains,  381,  386; 
Group,  386. 

Heliophvllum,  213;  Ilalli,  213*,  214*. 

Henry  Mountains,  157*,  108,  437. 

Herculaneum,  138. 

Hesperornis  regalis,  343*,  344*. 

Heterocercal,  332*. 

Hexacoralla,  218,  401,  See  "Tabu- 
lata." 

Hexagonal  prism,  24. 

Hinge  of  mussel,  226;  of  Brachio- 
po<l,  228,  229*,  230',  236*,  237*; 
mechanism,  231*. 

Historical  Geelogy,  246. 

Hitchcock,  C.  H.,  Gilsum  bowlder, 
13*. 

Hitchcock,  E.,  on  veins,  179*. 

Hipparion,  356. 

Hippopotamus,  153. 

Hippotherium,  356. 

History  of  earth  a  cooling  history, 
159. 

Hoffman,  Mt.,  95. 

Holmes,  Mt.,  158*. 

Homacanthus,  333. 

Homewooil  Sandstone,  408. 

Homologies,  208. 

Hood,  Mt.,  147. 


Hoogly,  280. 

Horizon,  geological,  271. 

Horizontal  range  of  fossils,  304. 

Hornblende,  31*;  associates,  55. 

Hornblendic  rocks,  52,  249. 

Hornblendic  eruptive  rocks,  71. 

Hornets'  Nest,  376. 

Horse,  153,  459. 

Horton  Series,  398. 

Hot  springs  on  Gardiner's  River, 
133*. 

Hualalai,  Mauna,  143. 

Hudson  River  Slate,  197;  formation, 
376;  valley,  455*  481. 

Human  implements  in  caverns,  462. 

Humboldt,  Mountains,  160 ;  Lake, 
453. 

Huron  Group,  192,  389,  891. 

Huronian  life,  315;  times,  466;  Sys- 
tem, 362,  373,  377. 

Huron  River,  6. 

Huron  Shale  (Newberry),  322. 

Hybodonts,  332. 

Hydraulic  limestone,  65. 

Hydrocarbons,  194. 

Hydromica,  30;  compounds,  51. 

Hydrous  magnesian  rocks,  58. 

Hyloiiomus,  335. 

Hyperclinal  mountains,  168. 

Hy})ei*sthene,  33,  366. 

Hyposyenite,  52. 

Hyracoidea,  350,  351. 

Hyracotherium, 

Ice,  action  of,  280. 

Iceberg,  283. 

Iceland  spar,  35. 

Ichthyornis  dispar,  343*. 

Ichthyosauria,  336. 

Ichthyosaurus  communis,  336*. 

Idaho,  184,  185,  397. 

Ideal  section  of  earth's  crust,  115. 

Idiostroma,  321. ' 

Iguanodon,  340  ;  Bernissarten  s  i  s, 
339*. 

Illinois,  lead,  184;  rocks,  385,  386, 
391,  396,  398,  422,  445;  coal,  409, 
410,  412*;  fossils,  379,  402;  faults, 
410,  411;  dirt  beds,  448,  483. 

Impression  of  a  fossil,  305. 

Improvement  in  organic  types,  105. 

Inclinations  of  strata,  how  caused, , 
101. 


Indiuno,  toseils,  879,  401;  look^  884, 

385, 890, 408 ;  jMtnlMim,  MM);  end, 

400;  Drift,  449. 
Inductive  method,  1. 
Injected  matter,  291. 
'■In  place " defined,  99. 
Intcrglacinl  epoch,  4S8, 
Inlenial  heat,  293. 
InUiTsdial  plates,  8S5, 
IiitcRioctions  of  reins  BTtd  ag«,  M7. 
Intnisive  condition,  266. 
Invertebrates,   marine,  position  of, 

10^ ;  reign  of,  400. 
Iowa,  lead  in,  184;  fonnstioM,  874, 

301 ;     Carboniferotu     LlmMtone, 

31)7*. 
Iron,   bog  ore,  11;    heniatlte,  88; 

liinonite,  87;    magnetite,  87;   in 

Kozoic,  S65. 
Iron   ore   rock,   60;   aediinentM?   in 

origin,  188. 
Iron  regions.  188,  884. 
Ironstone,  47, 188. 
Ischia,  earthquake,  496. 


Isogcothcnnal  pknee,  S88. 

Jits  per,  25. 
Joggins,  coal  at,  417. 
John  Da;  River,  448. 
Jointed  structure,  258*  an. 
Jurassic,  Age,  close  of,  478;  Mmd- 

mals,  310;  Sretem,  4iB4,  49S,  427, 

488,440. 
Jiini-Trias,  424. 

Kaibab  plateau,  104*;  stmotnn, 4S7. 

Karnes,  447,  4S0. 

Kttiiub  plateau  and  oafi<n,  184*. 

ICaniwha  salines.  400. 

Kiinsas,  430,  438,  478. 

KhoUh,  28,  SO. 

Kauiinic  rocks,  249. 

Karg  eas  well,  201. 

Kca.  Mauna,  148. 

Kcaisorge,  Mt.,  166*,  885,  86H*. 

K,>ntucky.  192,  194,  196,  S70,  894, 

396,  403,  407,  409,  4U. 
Ke'okuk  SU^  895,  402. 
Kerosene,  194. 
Keweenaw  Point,  874;  tnwldent  IB; 


Inva  outflows  tii 


■,156. 


Ki>WL>eninn  Sysler 

374.  460. 
Ker  West.  180.  442. 
Kidney  iron.  47.  70,  398. 
King,  C,  on  inounlnin  folds,  171: 

on  Use.  !«.'5 ;  tiitcrior  genlog;,  400: 

Quntcnmry  Inkes.  45S. 
KirkdHlc.  cavern.  460. 
Knobs.  30C.  401. 
Koinatu  Gmiip,  434.  ffi(>. 
KriJdiinn,  eruption  of,  145 

Lnlinnloriln,  37,  366. 
Luicoolitc.  I57»,  158",  168, 
Lackawanna  basin,  407. 
liitL'uxlrino  depotrits,  44S,  403t. 
Ijieli>[)s  itquiliinuuia,  343. 
Lagging  tide,  S90. 
Laiionlun  I^kc.  458.  457. 
Ijakea,  Ijnateniury,  402. 
Lamellibraiichs,    ^D* ;    how    diilar 

from  BrHcliii>po«ls.  S!6;  JDrassJo. 

428:  Cretuceoiis,  433,  476;   TmO- 

ary,  444. 
Lsmi[iD.  4f,  OS.  2S2*f. 
Laminsiion,  oblique,  SSi 
I^iid,  growth  til,  106, 
Land's  End,  58. 
LaoMiirus  altus,  330. 
Laramie.   nilK    108:     Group,   4U, 

482;  coal,  43:1 1  Kangi',  434;  plmlt, 

47Q. 


\  .m,  tm. 


4 


i;   tan*-    ■ 

no.  at.  ' 


171. 

Lateral  pressuni,  171 ;  illustreud, 
172*;  efEecU0l,2Bl,2»4. 

Lnteral  Mipla,  210. 

Laurcntian,  Hountalnx,  160;  lUe, 
313.  317.  318:  Svrtem,  86S.  807, 
373:  times.  465, '4'I0;  land.  Bee 
"Orwit  Northern." 

Lava.  Vesuviun,  71.  78,  188;  JEl- 
ncan,  141*;  IlAwoiinn,  144*;  «n- 
cii<nt,  150,  1M:  lablea  of,  ISl*, 
tS3*,  158*1  Eliti'ts  of,  154,  48S: 
sforiacnm*,  150*;  luccolitic,  IW*; 
oi-igiii  of,  28[>,  485. 

Layer,  255  f. 

Lead,  IB4. 

Leadvillc,  184 

LeronU,  J.,  o[>  Wi-«t»m  U*ns  IB^ 

Iieda  claya,  45T. 
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Lehigh  basin,  407. 

Lenticular  vein,  181. 

Lepidodendrids,  416. 

Lepidcxlendron,  419*,  420. 

LejHdoganoids,  331. 

Lepidolite,  30. 

Lepidosteiis,  334;  embryo,  335*:  IIii- 

ronensis,  334*;  oculatus,  334*. 
Lesley,  J.  P.,  94;  on  Coal  Measures, 

405,  406. 
Lesquereux,  I.,  on  Cretaceous  plants, 

475. 
Lestosaurus  micremus,  338*. 
Lewis,  H.  C,  on  terminal  moraine, 

448. 
Life,  progress  of,  94,  303,  469,  475. 
Lignilites,  257. 
Lignite,  68. 
Lima  gas  wells,  201. 
Liraaria,  223,  225 ;  crassa,  223*. 
Limestone,  62 ;  for  building,  65 ;  hy- 
draulic, 65. 
Limonite,  37,  70,  184. 
Lingula,  380. 
Links     missing,    317 ;     connecting, 

345*. 
Lipari  Islands,  140. 
Lithological  Geology,  246,  248,  seq. 
Lithostrotion,   215,   216*,  217,   401; 

Canadense,  216*. 
Little  Traverse  Bay,  394. 
Liverpool,  salt  near,  188. 
Loa,  Mauna,  14^3. 
Lobes  of  septum,  330*. 
Lode,  180. 
Lodestone,  28. 
Logan,  Sir  W.  E.,  362,  365. 
Long  Branch,  98. 
Long  Island,  442,  481. 
Longitudinality    in    folds,  wnnliug, 

174;  present*  175. 
Loop  of  Brachiopods,  237*,  23S* 
Los  Angeles,  198,  200. 
L(5ss,    of   China,    285;    of  Anierici, 

285,  445. 
Louisiana,  103. 
Loup  River,  Fk'ds,  478,  471). 
Lower  Carboniferous  System,  395. 
Lower  Frceport  Coal,  408. 
Lower  Ilelderberg  Group,  381. 
Lower  Kit  tanning  Coal,  408. 
Lower   Magnesian   Limestone,    374, 

375. 


Lower  Mercer  Limestone,  408. 
Loxolophodon,  352. 
Lunar  tides.     See  "Tides." 
Lustre  of  minerals,  17;  quartz,  28; 
feldspar,  25. 
I   Lycosaurus,  341*. 
Lynn,  58. 


Macfarlane,  J.,  415. 

Machjeracanthus,  332. 

Mackinac,  I.,  393,  451. 

Madeline  Plains,  453. 

Magnesian,  rocks,  58;  limestones,  62, 
374. 

Magnetite,  37,  ia3. 

Magnetic  corpuscles,  286*. 

^lagnetic  study  of  rocks,  254. 

Mahonov  Basin,  407. 

Maine,  382,  386. 

Mallet,  R.,  on  internal  heat,  292. 

Mammals,  jwsition  of,  105,  316;  un- 
dei*  table  mountains,  15J3 ;  separated 
by  gaps,  317;  descriptions  of,  345 
seq. ;  Mesozoic,  345,  476 ;  Tertiary, 
348  seq. 

Mammoth,  457,  458,  460,  461*. 

Mammoth,  Hot  Springs,  133*;  Cave, 
277*,  401 ;  Cbal  Bed,  409. 

Man,  |X)sition  of,  105,  316;  advent, 
462,  487;  place  in  nature,  491. 

Mandibles  of  Cephalopoils,  326. 

Manganese  lx)g  ore,  12. 

Manitoulin,  1.,  197,  376,  384. 

Map,  nature  of,  113,  114,  372;  ex- 
plained, 116  seq.;  of  United  States, 
118-119*,  360;  interpretation  of, 
117  seq,;  to  l)e  read  beneath  the 
surface,  120;  exercises  on,  120- 
122;  of  North  America,  361. 

Marble,  34,  62,  63,  367,  368. 

Marble  Cafion,  164. 

Marblehead,  58. 

Marcellus  Shale,  195;  Stage,  390. 

Margarodite,  30. 

Marijx)sa,  428. 

Marl,  lit,  64. 

Mai-sh,  0.  C,  on  reptiles,  335,  336, 
428;  toothed  birds.  343;  Allothe- 
ria,  347;  Puerco,  443;  Christmas 
Lake,  453. 

Marshall,  sandstone.  lOlf,  192,  390; 
Group,  395,  396,  400. 
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i\i)i:x. 


M.ir-upi.i!-,  rvolvinir,  ;M7:  TiTtmrv, 

^I.lI•i||.^-  \'inry.-inl.  1.").  44*^,  444. 

.\I.i^-i\«'  --1  nict  life,  1(1,  252. 
\I.i-I«h1.'1i.    |.")7.    1.")S^=;     undtT    luhlu 

iii'iuiitjiiii-.  l.">->. 
M.iili-r.  ..n  Cat-Mil  Mt>.,  U\\*. 
\laiii.  i-laii<i.  14."). 
\l.-.li.ii,..  liuu-  KaiiiT.',  -1:34,  4(W. 
Ai.MlMia  Sta-'-.  :;si/oS4. 
.M'_aii-iiy\,  4.")!J. 
^l'•-ai••-au^u>^,  JMIJ. 
MiL:aiil!_\  1  mil.  41 7*. 
\|.j;iil,."riii!ii.  -loil,  '1(;0*. 
M.'.ai.ii>r.  :;«W>. 
Mtiii|'lii-,  4  1."). 

^l<•lli-.■t.;■■--.u^  coiHiui.^lus.  o48. 
.M.-ii.)].liyi;uiii.  212*. 
Ml  l;i|>i,  \(  ill-all".   14T'*'. 
Ahi-  il  ■  <ilai-r.  icnninal  ni()rjnni\  2s2. 
^l'■l  witii  M"iniiain>.  l.')5. 
.M'  !".ili  ■nal.      jn-(  (li>pnsilioiis,      17'">; 

tr.  ii-N,  :;()1. 
M- ri.li  >na!ily    in    I'okls,   2JJ3;    when 

waiitiiiLT.  17-5. 
>1' r\(liiii-^.  :;.-)(;. 

M.-a-,  h;^. 

y,   -'liiiipii-.  ']^)G. 

M'— -:.\\  ')--ir!"aLru^,  I).")()*. 

M.- ./..'.i.-  lir.'.  :51(i.  47."):  repHlos,  J^:J5; 

iii:i:!i;!ial-.  :;j."».  il-l^^;  (uvat  Svstcin, 

1-Jl:   Jv.ii.  A:x. 
\l.|::-ir.!l.hi<lll,    !»(».     121.    251)1;     re- 

Li-'iial,   2'15:  I'Xphmalion  of,   2J)0, 

2'.'1. 
M.:a-  Mnali.'  cliail.L:"'.  2()5+,  201. 
.M-  xiiM.  (iihfi-i'.  S5;  lin  in,  1H5. 
Mi-a.  ■.".»:    --lii-I.  .V). 
Mi  a--  ■■■,->  V  >''i(-.  5')  .s/'7.,24!). 
M  I'li.-aii.  11- HI  in.  \>^'\,  'V.)2;  (•o])!M'r, 

iNl;    -ilwr,    ISl;    salt,    11)0.    IIU*, 

.^■'..  ;m;.  ;;u7,   ino;  mineral  wells, 

i:i2  :  tonii.it  i<.n<.  27  i.  ;}r)7,  :{70,  :IH5. 

:::i !.;;:»:;.  ;;!M}.  4(;1);   lo>sils.  :;I)4;  in- 

,.i'-l     ah  -i-a.  400;  cM.al  lield,  400; 

Drill.   n'.».   151. 
Mi' Mj.iii  Salt   (ironp,  11)1,  102,  :J07. 
Mici.'.-liii.-.  2^. 
Nr.-i'i--:-;  >ta!iin('.  54,  50,  251. 
.^li:•!■M''■i-iIi<^  251. 
M  j. ■)■..'. --l. •<  :iiiti<|nn'^,  o45.  :M(). 
!Miir<).-(i»pic  siudy  of  nx-ks,  25o. 


.Migrations  of  animals,  o04. 

Millstone  (irit,  405. 

Mineral,  10.  247. 

.Minerals,  how  differing,  17;  ehemi- 
eal  eoin|>oninls.  22:  some  elemen- 
tary, 22;  crystalline  forms.  22; 
rovii'We<l.  :jl)  my. ;  eompf>sition  of, 
40-41:  detennination  of,  42-44. 

Mineral,  water  at  (.'lermont,  li^2: 
Wells  in  Miehi^^an,  192. 

^linin^^  for  coal,  4KJ. 

Minnesota,  105,  1^70. 

Miocene,  441. 

Mioliipjais,  :J5G. 

3Ii>sin>;  links,  ;U7. 

Missionary  iiidge,  101. 

Mississippi  valley,  Ki;  river,  8^3,  i<4*; 
ei'o-iuns,   80,  00*;    sediment,  277, 

^lissonri.  00,  08;  lead  in,  184;  rocks, 

:500. 
M(Hlena  oil  region,  100. 
Molten  state  of  earth.  287. 
Monoclinal  mountains  1(>1,  105,  107. 
^lono   Lake,    volcanic    cones    near, 

148*. 
Montana,  185.  307,  400. 
Mont,  Hlanc,  281*,  280. 
Montn'al  Hiver,  300. 
Moinnnent  Park,  08,  94*. 
Moon  in  terrestrial  history,  298,  299. 
^loon's  distance  incTeasing,  300. 
Moraines,  281,  282,   447;'  terminal, 

448,  440*,  450. 
Mormon  temple  syenite,  53. 
Morosaurus  grandis,  3iJ9. 
Morris  linn  coal  mines,  414. 
Mortar,  liow  made,  49. 
Mosasaui*s,  4iJ4. 
^losasannis  piinoops,  338. 
Moulds,  00;  of  fossils,  3a3. 
Mounlnin,  making,  293;  Limestone, 

300:  phenomena,  100,  293;  slides, 

02. 
Mountains,    Lanrenlian,   etc.,    100; 

two   classes,   100;    of   relief,   101; 

synclinal,  105;  tvi)es  of,  167;  high- 
est, 172. 
Mouths  of  cells,  220. 
Muck,  82. 
Mud,  cracks,  257;    flow,   257;  with 

volcanic  eruption,  138. 
^Slural  System,  208. 
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Murchison,  Sir  R.,  381. 
Murraysville  gas,  201. 
Muscovite,  30^;  associates  of,  55. 
Mussels,  82. 
Mylodon,  459. 
Myrmecobius  fasciatus,  346*. 

Xahant,  58,  99. 

Nanosiiurus.  339. 

Naphtha,  69,  194. 

Natchez,  285. 

Nautiloidea,  328,  329. 

Nautilus,  326,  327*,  328,  402,  444. 

Navajo  Mt.,  437. 

Nebraska,  438. 

Needles  in  mountains,  166*,  167*. 

Neocene,  441. 

Nesquehoning  Coal  Basin,  412*. 

Nevada,    184.    374,    376,  406;    Coal 

Measures,  410;  Jurassic,  428;  Ter- 

tiarv,  44^3;   Quaternary,  453;  fos- 

sils,'379. 
Nevada  Land,  383,  400,  468,  472. 
Newberry,  J.  S.,  on  sand  action,  284. 
New  Brunswick,  184.  192,386,398. 
New  Buffalo  dunes,  285. 
New  Hampshire,  386. 
New   Jersev,  iron   in,  183,  184,  429, 

442,  448,*472;  subsiding,  487. 
New  Mexico,  lava  sheets,  154;    tin, 

185;    Cretaceous,  430,   431;    coal, 

432:  Tertiarv,  443*. 
New  York,  69,  375,  376,  384,  385,  392, 

469;  rock  salt  in,  386. 
New  Zealand  hot  springs,  134. 
Niagara,  erosion,  89,  386,  488;  falls, 

89,  386,   387,  388*;    gorge,  388*; 

Group,  381;    Limestone,  197,  382, 

385,  391. 
Nitre  caves,  40. 

Norite,  53,  54,  366;  eruptive,  71. 
North    America,  geological  map  of, 

361. 
North  Carolina,  425. 
North,  the  source  of  bowlders,  15. 
North  pole,  habitability  of,  295. 
Norway,  iron  in,  183. 
Novaculite,  46,  61. 
Nova   Scotia,  48,   49,  192,  198,  386, 

398;  coal,  317. 
Novava  Zemlia,  145. 

01)elisk  syenitic,  53. 


Oblateness  diminishing,  175,  299. 

Oblioue  lamination,  256. 

Obsiaian,  72. 

Occlusor  muscle,  231*. 

Ocean,  action  of,  279. 

Ocean  pressure  and  folds,  175. 

Ochre,  37. 

Ocoee  formations,  374. 

Odontolcaj,  345. 

Odontornithes,  345. 

Odontotorma?,  345. 

Ohio,  iron  in,  183;  brine,  192;  oil, 
196;  gas,  201;  gypsum,  386;  coal, 
407,  416;  coal  section,  410;  forma- 
tions, 274,  370,  ^78,  384,  390,  391, 
392 

Oil  Creek,  195. 

Oil  sands.    See  table,  403  seq. 

Oil  stone,  61. 

Old  Red  Sandstone,  390. 

Oligocene,  442. 

Oligoclase,  27. 

Olympic  mountains,  473. 

Omaha,  445. 

Onchus  Clintoni,  331. 

Oneida  Conglomerate,  381,  384. 

Onondaga  salines,  190;  Salt  Group,. 
381. 

Ontario,  195;  petroleum,  196*  197; 
fossils,  202;  rocks,  384,  392,  400; 
Erie  clays,  452. 

Ontario,  Lake,  88. 

Onychodus  sigmoides,  332*. 

Oolitic  limestone,  63. 

Ooze  in  Atlantic,  86. 

Opal,  303. 

Orange  county  mastodon,  457. 

Oregon  Quaternary  lakes,  453 ;  tuffs, 
478. 

Ores,  \n  sea. 

Organic  and  inorganic,  247. 

Oriskany  Group,  390. 

Ornithipoda,  339. 

Ornithopterus,  343. 

Ornithotarsus  imraanis,  340. 

Orohippus,  356. 

Orthis,  228,  241,  476;  biforata,  228*, 
233,  380,  402;  subquadrata,  229*, 
232*,  380. 

Orthoceras,  restored,  327* ;  siphuncle 
of,  327*;  age  of,  328;  Carleyi, 
330* ;  in  Cambrian,  380. 

Orthoclase,  26*,  27* ;  associates  of,  55. 
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IVnniaii  (Jn>ui>.  4(>2. 

Prrrcv  oil  I'liriliqimkes.  2f»8. 

P.'titc-  An>e.  Uni 

Prtrifaclion,  oO:J. 

Pctroi^rnphv,  21S. 

IN'trolruiu,  ()8.  i)U:  «r(*()loj,'y  of,  194; 
laws  of  accuinulatioM.  198;  coii- 
spcctus  of,  199:  (liaji^ram,  *2(X).* 

IN'lrnlif(.n)iis,  4«5,  2.'50. 

IN'trioilrx,  .")7. 

I*liaiurocn>tallini\  ."iO,  2.">1. 

IMjancroplriiron.  ;{33. 

IMiascoIothcrium  Biicklaiidi,  'UO. 

I'lu'iiacodus,  :U9;   Worlniani,   350*. 

Piilo^rnpiit',  :jo. 

IMjoiioliti'.  ?.3. 

IMirauiiioi'oiu'.  4i>o. 

IMiyllitc.  01. 

Physical  ^^rci^rrapliv,  302. 

Pic'liiivd  R(K'ks.  373,  377. 

Pilot.  Putto,  437. 

Pil.»t  Knol),  3(>7. 

IMiiiiali'  M'pta,  210. 

PipcMoiir,  3<)3. 

Piroi'oco  of  Amaz(His,  2bO. 

Pi>olitic  liniestonc.  03. 

I*iPlistoiu',  72. 

Pitl>lniri;li.  (58:  «j:as  prcKliiclion,  201; 

coal  ImmI.  409. 
Placers.  152. 
Placodcrins.  331. 
IMaco;ranoi«l>,  331. 
IMa^naiilax,  347. 
l*la«ri<'cla>c,  27*;  tlis<Tiininrttions,  28; 

a'^  i'(M?U-c-nnslituent,  300. 
PlaLriostoiiK'S,  332. 
PlaiiN    c'la^sifuMl,    303;    Cretaceous 

431,  475.     Scu  'Toal  Plants.*' 
Planter  of  J'aris.  30. 
IMa-lic  z«)ne,  294. 
Plalcaii    ProviiKM',   434*,    -441,    474; 

^va»^la;,^'  of.   92:  section  in,    104'''; 

P-ol<.u'y  of.  42S,  43({. 
Plato  of  ciiiioids,  325. 
Pic«^ii>««aunis  (lolich(Hleiru.s  337*. 
Plicati..iis  of   shell,  231*:  of  .strata, 

2():l. 
Pliocene,     441 :     inaugurated,     47b, 

179. 
Pliohippu^.  35r). 

PluiiihaiT''.  07. 
Pluni;e.  angle  «>f,  2ti(). 
Pluvial  ejMK-h.  407. 
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Pogonip  Limestone,  376. 

Polished  faces,  259. 

Polishing  action  of  sand,  284. 

Polyp,  214. 

Polvpary,  203. 

Pompeii,  138,  140.* 

Porcelain  materials,  60. 

Porcupine  Mountains,  369. 

Pores  in  Favosites,  221. 

Pores  of  rocks  and  water  absorption, 
490. 

Porousness,  252. 

Porphvritic,  251 ;  felsitc,  58;  granite, 
58*.* 

Porphyry,  251 :  quartz,  58;  conglom- 
erate, 58;  Keweenian,  366 ;  intru- 
sions, 157;  silver  bearing;  184. 

Porphvry  bowlder,  14*. 

Portage  'Stage,  389. 

Port  Hudson,  85. 

Port  Kennedy  cave,  457. 

Posterior  of  s'hell,  228. 

Potomac,  River,  81 ;  marble,  425. 

Potash  Kettles,  65,  450. 

Potsdam  Group,  369;  sandstone,  373, 

Oi  i. 

Powell,  J.   W.,  on  mountains,  161; 

Uintas,    162;     Colorado    plateau, 

165;  Cambrian,  370. 
Prairie,  2f . 
Precipitations,    293;     in    primitive 

ocean,  464. 
Preparation   of    sections   of    fossils, 

205. 
Presedimcntarv  historv,  463. 
Pressure,  lateral,  171,'  172*   291;  of 

glacier,  485. 
Primary  septa,  210*,  211*. 
Primordial  Group,  369. 
Priority,  laws  of,  272. 
Proboscidea,  351. 
Prochlorite,  31. 
Producta,  402. 
Profile,  geological,  125. 
Progress  in  life  history,  315. 
Protogint',  59. 
Protohippus,  356. 
Protorosaurus,  335. 
Protozoans,  position  of,  103. 
Protuberance  of  equator,  299f,  464. 
Provinces,  434f,  geologv  of,  436. 
Prussia,  193,  194. 
Pseudamygdules,  264. 


Pseudodeltidium,  231,  237*,  239. 
Pseudomorph,  290. 
Pseudomorphism,  290. 
Pseudopodia,  319,  320. 
Pterichthys,  332,333*;    Canadensis, 

333. 
Pteridophytes,  418. 
Pterodactylus,     342 ;      crassirostris, 

341*. 
Pteropods,  86. 
Pterosauria,  342. 
Puerco,  443. 
Pumice,  72. 
Punctations,  238. 
Pyrenees,  193. 
Pyrite,  38,  303. 
Pvritous  rocks,  249. 
Pyrophyllite,  30,  60. 
Pyrophyllite  slate,  60. 
Pyi-oxene,  32. 
Pyroxenic  rocks,  52,  249. 
Pythonomorpha,  337. 

Quaquaversal  dip.  261. 

Quartz,  studied,  23. 

Quartzite,  45 ;  hornblendic,  52 ;  striat- 
ed, 283;  Baraboo,  363;  Prospect 
Mt.,  376;  Diamond  Park,  397; 
Wahsatch,440;  coal  measures,  409. 

Quartzose  rocks,  44  seq,^  249. 

Quebec  Stage,  369. 

Queen  Charlotte  Islands,  429. 

Quicklime,  21. 

Quincy  granite,  53. 

Radial  plates,  325. 

Rain,  with  volcanic  eruptions,  138; 

prints,  287. 
Rains,  first,  464. 
Rakata  iMt.,  145. 
Range  of  fossils, .304;  organic  tvpes, 

359. 
Rangoon  oil  region,  199. 
liiinier,  Mt.,  148. 
Ratita\  316. 
Ravs,  331. 
Reade,  J.  M.,  96. 
Recent  Eix)ch,  486. 
Recession  of  falls.  92. 
Red,  chalk,  37;  ochre  an«l  paint,  37. 
Red  sunsets,  145. 
Reef-building,  322. 
Re-fusing  of  crust,  465. 


lielii.'f.  inuiinUins  of,  16t. 
Kciissclieritc,  S68. 

Reptiles,  iKisitioii  of,  104,  816;  oom* 
[irehcnsive,  816;   desorlptlotia  of, 


Iti'ticukttiig  stems,  238. 

Kliamiihorhynchus,  S49. 

Rlimuccros,  153. 

Itliizocrinus,  82«;    T^fotenai^  89^. 

Khode  Inland  Coal  Field,  406. 

Rluiiiibolicilroii,  SS. 

Rlivoiite.  72. 

RicbLlioFen  on  lOss,  385. 

Rim-ruck,  153. 

Ripidolite,  81. 

Uipnlc  marks,  237. 

Riiclicsler.  N.  Y.,  88. 

Kwkcilies.  407. 

K.Kk  sHit,  885,  886. 

Itocks,   'iil,  248;    classifioatioD  of, 

i07,  108,  US;  phvsioal oonditiona 

of,   ^48;   csseDtial  and  acceMOtr 

toiistitiients,  248.  249. 
Hu^rs.  W.  B.,  on  Coal  MusaiM, 

402,  4oa. 
Kiesii.  N.  y.,  70. 
Rf>tli-ii  Limestone,  429. 
RiiK<>sii.  203  teg.;  table  of,  S17. 
KiiiimtdticM,  lOT. 
Riissi^l.  I.,  on  QiiaternaiT  lalOa,  iSS. 


Riiss: 


,  1!)5. 


Snci'lmroidal,  63. 
Sucraiuciito  River,  485. 
Sadiiits  of  septuHi,  880. 
Sa(Toi'<l,  .1.  M.,  onUnakaHount^DB, 
IftO,  ;{T4;  Tennessee  geology,  874, 
SaKimiw  Uiver  brines,  1B3. 
Siifilitc,  :13. 
SiilircniU!!  rocks.  349. 
SHiinu  Group,  881,  885. 
Salisbury  iron.  37. 
Salt.Keologvof,  180  sra.;  impuritiw 

..r,  188.  ■ 

t>a]t  Luke  City,  53. 

Stilu.  l)o\r  formed,  20;  bow  named, 

2(1. 
Sjui  IkTuardino,  06. 

.'^iii[i,  2r.o. 

S.'iTi<l  bt.1^^t  action,  350,  2S4. 


SanFronciBco,  Mt..487. 

Sun  Mul«o  Mountains.  IM. 

Santa  Barbara,  108. 

Su-ikatcliewan.  438. 

Suvny,  93. 

Scalv  minerals,  29. 

Scni^  on  shells.  804;  on  tno-ff 

4ta 

Seelidollierium.  450. 
SueMWiKiliic  resiiltjs  309. 

a-x. -...^  fli, 

riniis,  4fi  i  jsflpery  and  tis-m- 
i;  rnicH,  00:  (cmnnlite.  Ql; 
ludi'.  5:2.  l»4t  apbnuilic 
_ricit(.%  50;  (H'otnginc.  cblo- 
___  talcose,  BO;  eiibrlte.  84;  — 
rophylliu,  ArgUlaFCMiiis,  UO;  ha» 
tite,  maKnetito,  Juspery,  00. 

Schistose,  lOf. 

Mclioharie  Grit.  800. 

Scliiiylkill  basiii,  407;  section  aoron, 
413. 

Smik'h  KH'iit^i  53. 

ScrilMier.  ().  U.,  im  north  pole,  26«. 

Sc^rope  nn  volonnofs.  148. 

Soniliern^s  (',inl,4(B. 

Si.»lflmvil    Lniid,  sua,  8?Jf,  BOO.  467. 
40»,  472. 

Scums,  a.-sa*,  356. 

Soft  „v<T  the  land,  101. 

Seattle,  432. 

SciTL't  Canon  Slialo,  876. 

Scftion,  exidntncd,  Itlf,  118; 
eartli's  cnist.  US;  cnnslniction  at, 
Ctota  map,  138  k«u,,-  Deti'ott  W 
Grand  Haven.  184.*;  Oiitwio  to 
Pfutisylv-ania,  136»;  Naslivillc  to 
SuviitinHb.  138*:  liiroiigh  Tennps- 
i-fe,  SKI*;  ill  Apimlaohian*.  94*: 
Tuscan  rSpriiiKs,  183*;  tlirotidi 
Tftblo  M.-u.it«ins,  151»,  IB2*iTii 
Elba,  ].')7*;  thmiighlaccoHte,lJff*i 
Cat«kil]  MoanUilns,  161*;  Uinniglk 
irintH  Jlotitituins,  183*;  vnitnli 
Utuh,  lOa*;  itcross  platoui  T^OBi' 
164*;  across  Apualacblano,  IW; 
rhrouKli  Alps,  I7iS*;  tlirougb  B^ 
noklc  ran^ts  183*;  Uooinlua  <•)• 
lilies,  IRO*;  Michignn  bu&inx,lBt«^ 
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Ontario  oil  region,  196* ;  along  Ot- 
tawa River,  366 ;  along  upper  Mis- 
sissippi, 377* ;  in  undulating  Coal 
Measures,  410*  ;  Ohio  Measures, 
410;  Great  North  to  Little  North 
Mountain,  411;  across  Schuylkill 
basin,  412* ;  through  Alabama, 
430' ;  across  Park  Province,  437* ; 
aeonic,  480. 

Sections,  of  fossils,  205;  Zaphrentis 
prolifica,206*;  Amplexus  Yandelli, 
207*;  neliophyllum  Halli,  213*, 
214*;  Cystiphylluin  Americanum, 
215*  ;  Dipnyphyllura  Archiaci, 
216*;  Favosites  Alpenensis,  221*; 
F.  nitella,  221*;  Alveolites  Gold- 
fussi,  223*;  Cladopora  Roemeri, 
223*. 

Sedgwick,  Adam,  881. 

Sedimentary  rocks,  70. 

Sedimentation,  80f  aeq,;  cycles  of, 
268,  284. 

Seismic  phenomena,  292;  produced 
bv  tidal  action,  298. 

Selachians,  402,  476. 

Selaginella,  419. 

Selenite,  36. 

Seneca  Lake,  88. 

Septa,  of  corals,  204,  206;  arrange- 
ment of,  210,  211*,  212*;  of  cham- 
bered shells,  326. 

Septal  system,  208. 

Serai  Conglomerate,  405. 

Serioite  schist,  59. 

Serpentine,  30,  184,  385. 

Servos,  92. 

Set,  of  gypsum,  36,  66. 

Sevier  Lake,  453. 

Sewanee  coal,  406. 

Shaft,  in  mining,  413,  414*. 

Shale,  argillaceous,  60;  bituminous, 
195. 

Shaly',  252. 

Shamokin  basin,  407. 

Sharks,  331,402. 

Shasta,  ]Mt.,  47,  435. 

Shawnee  fault,  410. 

Sheets  of  lava,  150. 

Shivwits  Plateau,  164*. 

Siam  hairy  elephant,  462. 

Siberian  elepliant,  460,  461*. 

Sicilv,  193. 

Sidei-ite,  47,  70.  183. 


Sideritic  rocks,  249. 

Sierra  la  Sal,  487. 

Sierra  Nevada,  95,  435,  488,  473 ;  vol- 
canoes of,  147;  eruptions  from,  150; 
fault,  165. 

Sigillaria,  419*. 

Silica,  19,  25,  803. 

Silt  of  rivers,  277. 

Silurian,  life,  815,317;  System,  381. 

Silver,  184. 

Sink  holes,  65,  134. 

Sinking  sea  bottom,  294. 

Sinter,  silicious,  133, 136*. 

Sinus  in  Brachiopods,  228. 

Siphuncle  oi  Cephalopods,  326,  237*. 

Sivatheriuin,  854. 

Skeleton,  supplementary,  320. 

Slate  pencils,  60. 

Slaty,  98;  structure,  258*. 

Sleeping  Bear,  284. 

Slopes  in  mining,  416. 

Smith,  E.  A.,  on  green  sand,  432. 

Soapstone,  59. 

Socket  of  hinge,  231»  232.* 

Soil,  2f ;  on  prairies,  2. 

Solenhofen  schists,  343. 

Solfatara,  140. 

Solubility,  252. 

Somma,  146. 

Soudan,  145. 

South  Carolina,  425,  479,  481. 

Spalacotherium,  347. 

Spanish  white,  64. 

Spar,  350. 

Sparry  rocks,  47. 

Spathic  iron,  70. 

Species  migrating,  102. 

Sperenberg  boring,  193. 

Spines  of  sharks,  332*. 

Spires  in  Brachiopods,  232*. 

Spirifera,  227,  241,  402;  mucronata, 
227*,  229»,  231,  238* ;  striata,  232*. 

Spiriferidae,  237. 

Spirigera,  228,  241 ;  spiriferoides, 
228*,  235*,  236*,  241. 

Split  Rock.  111.,  411. 

Sponges,  322. 

Spores  in  coal,  416. 

Springs  and  wells,  7  seq.,  8*. 

Springs,  thermal,  131*;  at  Sacra- 
mento Valley,  132*;  Clermont, 
132* ;  National  Park,  133*. 

Squalodonts,  434,  444. 
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Sul)carlK»nif('i*c)iis.  3!»5. 
Suhlimalioii  in  v»'in>.  'J!)l. 
Sul»>i«li'iic»'.  iif  M'a-lM)tt()iii.  294:  'lur- 

iii'T    Coal    Mrasiiivs,   412:    Clmm- 

plain,  4H|. 
Sul)(frtiisi<»n  of  mist,  284*. 
Siiljtrrranraii  wat<T<.  277. 
Suliviti'iMnis  iustr«'.  25. 
Su(('t'^>inii  nt'i»rpniic  tyini's  105,  314; 

of  viTtrhnitL"  iiU',  ;J57. 
Succinitf,  <iH. 
Sn-ar  I.naf,  ',m. 
Sumatra.  20(>. 
SiiiMi).  414"^'. 
Sun,  rxiiiictinn  of.  200. 
SmulaiK-c  volcancK's,  145,  14<i. 
SiiprrcniM.  4()5. 
Sii[Miit.r,    Lake.  (i!>,  71;  gcohji^v  of, 

Sup»Tpo>itiun  and  ago,  205,  2(H). 

Surfaci'  niatriials.  1. 

SurpriM'  Xalh-y,  453. 

Suiurr  t»r  TriloinLo.  324;  clunnlM^nMl 
.slhll,  :J27*. 

Syi-Uf,  52. 

Syniiir.  52;  eruptive,  71;  qiiarlz,  Tl. 

Sylvi-Ntri  on  .Ktna.  142. 

S\  iinnoliv.  l>i  valvular,  327;  univalvu- 
I       lar,  22S. 
!    Syncliruni-tic  nuilions,  4SK). 
I    Svnrlinal    hasins,    110;    mounlains, 
I        105*.  HWr',  KiS:  axis,  201. 

Svnclinoriuni,  204. 

S\  ncinvms  272. 

SviaciiM',  l.riiH'sat,  188,  189,  190*. 

Svrini,n.(livns,  230,  241,  402;  tvpus, 
230-,  23'7*. 
i    SyM-cni.  270f. 
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"^'  .    .!■    I'i  ••".tl,  4  1 1  •■■. 
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TaMo  n)ninit.iin*<  in  California.  151*; 
in    'runluinnc    ((innly,    152*;    in 
'        l'i"an('«\  153. 

1  TaliU'  III",  rhaniljorcil  .shells.  329:  suc- 
!  (•('->;{« )n  n['  Jifi',  35s :  coniiH>sitiou 
I  of  minerals,  40— 11 ;  delcrminatiou 
(•r  minerals.  42-44;  standards  of 
hardness.  42:  rock-stnutturo,  74; 
roek-(.:om[)osiii(>n.  15;  ri)ck-di;tor- 
mination,  lO-bO;  V\\\}  (.'orals.  217: 
Tabulati^  Corals.  224;  deterniina- 
lion  <«r  I»raehiop<nls,  240. 
'J\d>lo  U.K'k,  387,  380*. 
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Tabula3  in  corals,  207;  in  Tabnlate 
Corals,  220. 

Tabular  limestone  in  Drift,  451. 

Tabular  mountains,  168. 

Tabular  system  in  corals,  208. 

Tabulate  corals,  218  aeq.,  401. 

Tacconay  glacier,  281. 

Ta?nio(lonta,  350. 

Tails,  vertebrated,  of  birds,  317. 

Talc,  30. 

Talcose  rocks,  240. 

Taxeopoda,  350. 

Taylor  Mountain,  154. 

Teeth  of  Brachiopods,  229,  232*. 

Teion  Group,  432. 

Teleosts,  331t,  402,  444. 

Telerpeton,  335. 

Temescal,  95. 

Temperature  beneath  surface,  129. 

Tennessee,  65:  central  basin  of,  92*; 
valley  of  east,  92* ;  section  through, 
160,  161,  163;  iron  in.  184;  forma- 
tions, 370,  374,  378,  384,  396;  fos- 
sils, 379;  coal,  406,416. 

Tentacles  of  molluscs,  326. 

Terebratula,  238;  Romingeri,  237*: 
flavescens,  238*. 

TerebratulidiB,  237,  433. 

Terms  used  in  rock  classification, 
108. 

Terrace  formation,  441,  454. 

Terraces,  river,  278,  454. 

Terrane,  255. 

Tertiary,lifc.81G;  System,  441;  sub- 
divisions of.  444. 

Teton  Mountains,  374. 

Tetrnl)ranclis,326. 

Tetracoralla,  202,  475.  See  -'('up 
Corals." 

Texas,  429,  430,  474. 

Texture,  251;  granular,  45;  aphan- 
itic,  56. 

Theriodonta,  340. 

Tliornuil  waters,  129  sea. 

Thick-  and  thin-bedded,  16,  252. 

Thickened  strata  in  mountains,  293. 

Thickness,  calculation  of,  261. 

Three  Princes  vein,  180*. 

Thuringian  c()])per  slates,  184. 

Thvlacotheriuin  IJroderipii,  346* 

Tidal,  action,  297;  wave,  280. 

Tides,  high  primitive,  300. . 

Till,  447. 


Tillodontia,  349,  850. 

Tillotherium  fodiens,  349*. 

Time  and  events,  categories  of.  269. 

Time,  geological,  long,  106;  classifi- 
cation of,  107,  108. 

Tinoceras,  851 ;  ingens,  352*. 

Tinodon,  347. 

Titanic  iron  ore,  69,  183. 

Toothed  structure,  257. 

Topographical  and  stratigraphical, 
100. 

Torbanite,  69. 

Toroweap  fault,  164*. 

Toughness,  251. 

Tourmaline,  82;  in  quartzite,  45;  in 
other  rocks.  52,  249. 

Tmchyte,  72. 

Tracks  on  sandstone,  425*. 

Travertin,  64;  at  Clermont,  132. 

Treraolite,  31. 

Tremors  of  earth,  293. 

Trend,  260. 

Trenton  Group,  197,  369;  limestone, 
375. 

Trias^ic,  System,  424,  472,  488 ;  chan- 
nel of  Hudson  River,  455. 

Triclinic  feldspars,  27. 

Triconodon,  347. 

Trilobites,  323,  389,  421. 

Trinidail,  198. 

Tritvlodon  longaevus,  346. 

Tuckerman's  ravine,  483. 

Tufa,  11*,  64;  at  Clermont,  132*. 

Tuffs,  volcanic,  478. 

Tulare  Lake,  435. 

Tuluole,  69. 

Tuolunme  count v,  152. 

Tuscany,  193. 

Tuscan  Springs,  132*,  150. 

Tvpes  of  plants  and  animals,  305- 
'314. 

rinkaret  Mountains,  164*,  437. 
Uinta   Mountains,    162*,    165,    426, 

427,  428,  430,  431,  434,  440,  441. 
Uintatherium,  351,  353;  Leidyanum, 

351*;  mirabile,  351*. 
Ulterior  historv,  488. 
Umbral  Series,'  398,  399. 
Unaka  Mountains,  93,  160,  374. 
Unconformability,  100. 
Underlying,  100.* 
Ungulata,  351. 
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Utiif<iri[iilariaD  view,  456. 

UnivHlves,  83. 

Univalvukr  symmetiv,  9S7. 

Uiistratillei]  rocks,  Wt. 

Uphuiti,  W..  on  LakeAgMtU,  4SB. 

Cplifts.  101-. 

UppvT   Carboniferous   SfttaD,  40S 

UpptT  Freeport  Coal,  408. 

L'pper  Mercer  Litneetone,  408. 

UrtK-ciitruin,  819*, 

L'tHii.  section  in.  168*.  160;  rockBof, 

4!1T.  4O0,  434,  487;  cod  in,  48S; 

Uke,  458. 
Uticii  Stage,  869.    ' 

VHlvpof  shell.  236. 


VaH.'uliLr  impresaionB,  280*,  281, 289, 

SM. 
Vfgc  til  lion.    See  "PlMits." 
Vein,  cnnilition.  360;  flUingot,  2Q1 
VeitL  intersections  MulBge,  267. 


177.  1 

Vcnti'ul  valve,  887. 
Vi'nl  mitique,  63. 
Veniioiit  marble,  62;  iron  ore,  70; 

nxiks,  370. 
Veitebnited  tail,  836«. 
Vertelirates,  position  of,  104. 
VertieH,],  force,  175;  rangeotfoeriK 

Vepiicle,  eontracile,  819«, 

Vc-s[M-rtine  Series.  898,  899. 

Vesuviim  lava,  73. 

Vi-Hiiviii.s,  (lescribeil,  188;  orator  of, 
138;  trater of,  in  1768, 146»;  erup- 
ti..(is  of,  in  79  A.D.,  188;  in  18«, 

Vick.-burg,  8.1,  445. 
Victoria  coal,  438. 
Viigiiiia,  65,  192,  898,  428. 
Vi.-wnU  cavity  of  corel,  207, 
Vitreous  lustre  of  quartz,  28. 
VoKf.  r,irl,  844. 

Voliiiiic.  mjlflnwa,  487;  tufflB,  478. 
Voli'iiiii>c»,  I38w;.;  extinct,  1&. 


Wni 


lEtmitli.  ('.,  on  crinolda,  401. 


Wiu\  ni«rign[iBiu>.  13, 

WdIiwIoIi  MuiiniBins,  160,  105,  974, 

897.  4011.  426.  437.   438.  485,  440, 

443,    4Sg,    474:     avrm    of.    486; 

toriuiition.    476;    ooal    niwwures. 

409. 
WaliUieimio,  338. 
Walker  Lake,  483. 
Wall  tif  a  corHl,  304,  SOO, 
n'alleil  lakes,  IS. 
Ward.  II.  A.,  on  inamiiioth,  461. 
Warren,  J.  O..  mtistotlon,  4S9. 
Warren.  W.  P.,  on  nortJi  pole,  3B6. 
Warm  water,  131. 
Warsaw  limestone,  401. 
Wasliakie  Basin.  477. 
Washington  Territory,  433,  478,  47B. 
Water  as  a  dynomie  ngent.  276. 
Waters  of  sjirinps    am)  wells,    10; 

often  iinpiinj,. If;  Iliunuul.  181. 
Wntertown,  N.  Y.,  876. 
Watkina'  QIbo,  88*. 
Waiigoshance  Point  IwwMero,  IB, 
Wave  action.  379. 
Waverly  saiidstmu-.    lUS,   330,   SiW. 

Wave';  liilal.  280. 

Waxv  solids,  6t>. 

Wcaiiiwing.  uiteets  of.  17S. 

Wcbei'  coiielomerftUi. 

Wells.  9:  dci-pund  shallow,  lO*. 

Western  interior  Coal  Field,  4W). 

West  Humboldt  Ruuge.  486. 

West  Ilock.  155. 

West  Virginia.  107. 

Whale  in  Lake  Clwinplalii,  467. 

White.  C.  A,,  oil  Crotaotoun  4BL 

433. 
White  Liincatonc,  444. 
White  River.  443,  4fl». 
WhiriuK.  64. 
Whetstone,  49.     See  "NovaeuHt*," 

40. 
White  Cliffs  Group,  434. 
Wielicza.  IS3. 
Winchell,  N.  H.,  mi   fanibriaii   fw- 

!f\h,  363. 
Windings  of  Missisaippi,  84". 
Wind  Biver  Mountiin*,  448;  YtOmt, 

478. 
Wiiidoor  «tries,  898. 
Winncmticit  Ijokc,  4S3. 
Winnipeg,  375,  485. 
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Yellowstone,    National    Park,    133, 
140;  River,  476. 


Wisconsin,  95;  river,  89;  rocks,  365*,      Yazoo  Itiver,  85. 

370, 376*,  384, 469 ;  quartzite,  374* ;       Yellow  ochre,  87. 

fossils,  379 ;  moraine,  451*. 
Wortman,  J.  E.,  348. 
Wright,  G.  F.,  on  moraine,  448. 
Wrinkles,  172,  173;  how  caused,  174, 

464;    disposition     of,    173.      See      Zaphrentis,  204, 217 ;   prolifica,  204* 

"Folds."  I       206*:  Ida,  212*. 

Wyoming,   185,  851,  397,  406,  428,   ,  Zeuglodon,  444. 

478;  coal  in,  432.  \   Zinc  iron  ore,  69. 

Wyoming  anthracite  basin,  407.  I   Zoophytes,  324. 


Wyoming  county,  N.  Y.,  190. 
Wythe  county  caves,  45*^. 

Lt  <  ■  :  ■  '  •  ■■   ' 


Zygospira,  233,  241:    modesta,  233, 
235*. 
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